
TABLE C-14. Total Metals Concentrations* in Soil Samples Collected at Khobar Towers, Al Khobar, Saudi Arabia

BAMPLE  DEBIONATIOH'  lLUNIHDY

DA-U 2930
DA-18 2800

+I- Ir 4.44
DA-IA 3160

ARUEYIC BBRYLLIDH CALCIUN cmNxUY CEROYIUN IROU

1.14 0.345 ~65900 1.89 10.3 3250
1.2 X0.18 65000 2.9 15 3100
S.26 83 1.37 53.44 4S.63 4.62
1.63 0.555 165000 2.96 16.1 3870

DA-2B 3400 1.6 x0.17 13000 3.8 16 3500
+/- I 7.S) 11.4 69.37 92.12 28*3@ 0.13 9.u

DA-3A 2060 1.34 0.302 59800 Cl.9 7.04 2500
DA-3B 1300 0.87 x0.19 110000 3.5 a.9 1500

t/- t -31.19 -&07 10.26 83.9S al.21 il.l2 rapp
DA-4A 1750 1.12 0.315 43600 1.57 5.19 2000
DA-48 MOO 0.83 x0.19 52000 2.4 10 2000

+I--8 PS.I9 3S.i. 11.27 14.97 *a.80 O.QQ
DA-5h 2540 1.11 0.384 74600 1.92 a.04 3140
DA-5B 2300 0.92 <0.19 56000 3.0 12 2500

n
I BAHPLE DEOI~UATlObi’  NBRCURY IuaNun1un BODIDN YICESL WAD VANADXM #IWO
G: DA-IA co.034 9110 1090 17.7 6.36 12.2 17.4

DA-18 0.092 7800 550 26 11 13 24
OE t/- t

DA-2A <0.037 12200 16500 18.3 19.5 12.0 36.2
DA-2B 0.052 13000 6900 23 10 16 46

08 t/- % 40.14 6 19.11 21.69 40.72 21.00 27.07
DA-3A 7230 721 ' 13.2 8.85 x9.6 B.99x0.030
DA-3B 0.039 13000 2600 15 6.5 <9.7 38
CHlrHQl t/- % 2.63 79.81 260.61 13.64 26.55 1.04 322&g+
DA-4A co.031 4420 253 10.5 8.65 (7.9 7.55
DA-4B 0.037 5100 300 19 5.7 c9.3 30

t/- % 19.31 15.38 le.58 80.95 34.10 17.72 297&$
DA-5A co.038 9140 654 17.7 11.2 9.61 30.0
DA-58 0.038 6700 580 22 6.2 10 34

OB t/- I; 0.00 26.70 11.31 24.29 44.64 4.06 13.u

FOOtnoteE.
* = All total metals concentration8 are expressed in milligrams per kilogram (mg/kg).
+ =I An raAaL in the sample designation indicates a first round sampl?; a IaBa*  indicates a second round sample.



TABLE C-IS. Total Netala Concentrations* in Soil Samples Collected at Camp 1, Al Jubayl,  Saudi Arabia

OAWDLB  DB9IiWATIOf  AtUYI~ Al&lIC BBRYLLXDN CALCIUN CADWIun CBRONIUR IRON

IW-1A 3060 1.48 0.556 40900 1.85 14.5 3030
N-18 2000 go.65 2.1 32000 e1.9 26.7 2550

t/- I 14.14 11.08 277.70 34.11 2.70 94.14 -
N-2A 1980 1.53 0.390 71000 1.98 10.4 2940
N-23 1700 CO.64 2.1 60000 Xl.9 17.0 2970

t/- % 14.14 s9.17 427.64 49 4.04 63.46
N-M 2540

1.02
1.59 0.392 53900 2.35 9.90 3510

N-3B 1100 go.64 1.1 24000 Cl.9 0.87 1760

1910
49.gp

1.09 0.396 42400 c2.0 8.92 2560
AJ-4B 1700 <0.66 1.2 26000 9.7 12.0 1800

I
-N-5A 1.73 0.304 39500 1.91 10.4 3090
N-5B 1300 CO.64 1.1 2eooo 1.9 10.2 1060

BAMPLB  DB9ItWATIOH'  NBRCUBY WAQWBBIDW BODIM YXCBBL, LBM) YARADXUR SXRC

N-IA <O.O37 6910 013 16.0 28.4 12.5 43.2
N-lB eO.030 4000 350 19 14.0 10 26.7

+I- % 0.70 20.S4
13ioo

I .
As-2A <0.040 11400

itI0 -110.7Q  u+uI I
16.5 16.2 9.96 34.1

N-2B *0,037 a700 3900 15 19.8 11 17.4
10.44 L
11.5 35.2

N-38 X0,030 3200 200 X9.4 0.96 <9.4 8.60
t+ II - ( ua9e 01.41 SO.13 74.69 .I w

N - 4 h eo.040 5000 784 11.7 16.4 (9.9 20.0
N-4B 0.039 4300 450 x9.7 6.95 c9.7 12.4

N-5A do.030 11200 067 12.3 7.39 19.4 12.7
N-58 co.030 4000 250 c9.d 9.66 c9.4 10.0

t/- t 0.00 64.29 71.16 23.50 30.72 SL.IS 14gp

Footnotes.
l = All total metals concentrations are expressed in milligrams per kilogram (mg/kg).
+ = An YEAH in the sample designation indicates a firet round sample; a @'BH indicates a second round sample.



TABLE C-16. Total  Hetale Concentrationa*  in Soil Samples Collected at Eekan Village, Riyadh, Saudi Arabia

BANPLB  DEBXONATIOII'  ALWIWW

R-1A 3700
R-18 2520

+I- 4 31.09
R-2A 3610
R-2B 3000

t/- 4 16.90R-3A 3320

R-38 3050

ARBENIC BBRYLLIOY CILcIttn CADlllUN CliROHlUN IROI

2.52 0.777 93000 2.33 16.5 5140
1.5 0.49 150000 2.2 14 4200

40.40 36.94 61.29 5.s0 15 18.29
2.37 0.765 105000 1*91 11.7 5450
2.5 0.62 140000 2.1 22 5400
8.49 lS.9) 33.21 9.99 09.022.54 0.599 0.92129000

2.80 15.0 4750
2.6 0.53 150000 2.4 15 4300

2.94 10.4 4015
R-4B 3420 1.6 0.41 130000 2.3 19 4800

t/- 4 41.32 40.96 20.88 31.58 21.77 It.69R-5A 4090 2.78 lS.S#0.607 105000
2.07 19.9 5670

R-5B 3130 1.3 0.46 60000 x2.0 15 3800
t/- 4 23.47 Il.24 33.04 35.24 30.31 24.62 32.94

‘: BAnPLB DESIdNATION'  YBUCURY luWBSIUl4 80DIDN NICKEL LEAD YMIMIM SING
w
4 R-IA co.039 3200 1450 20.4 6.83 16.7 11.7

R-1B go.039 2520 4600 12 4.0 15 50
was t/- 4 0.00 21.2s 217.24 41.19 41.43 10.1.
R-2A

39ra
0.038 2820 450 . 21.4 19.1 16.1 14.3

R-2B <0.038 2670 1400 14 11 10 51
GB t/- 4 0.00 1.32 2-60 34.w 42.41 il.80

R-3A
2su

0.040 2750 3660 16.8 14.3 15.6 14.6
R-38 co.039 2630 4800 15 12 16 110
-GE t/- 4 2.59 4.36 31.15 10.71 14.08 2.16 su
R-4A 0.035 3090 2180 14.2 5.53 17.0 24.7
R-4B <0.039 3120 7000 16 11 19 32

t/- 4
.

CHANGB 11.43 0.97 221.10 12.60 I 6.74 29.s
R-5A 0.034 4080 2930 24.0 5.86 10.7 20.4
R-58 <O.O40 3690 220 12 4.3 15 110

t/- 4 17.65 9.56 92.49 50.00 26.62 19.79 439a

Footnotes.
l - All total metals concentrations are expreesed in rmilligrams  per kilogram (mg/kg).
+ = An frANa in the Rample designation indicates a firat round sample; a l*Bll indicates a second round sample.



TABLB C-17. Total  Hetals Concentratlone*  in Soil Sample8 Collected at King malid  Military City, Saudi Arabia

BRRPLB  DBRICNATXON'  ALURIYUM AR8BWXC BERYLLIM CALCIUN C&DWIUN cmOn1on IROH

KK-IA 4 0 3 0 3 . 2 5 0 . 0 0 0 5 3 7 0 0 2 . 5 0 10.1 6010
KK-1B 1 6 3 0 1 . 7 0 . 3 0 2 9 0 0 0 1 . 9 7 . 5 2 3 0 0

6 9 5 2 . 5 0 4 6 . 0 0 2 4 . 3 6 9l.U
KK-211 5 7 0 0 3 . 2 1 0 . 9 0 6 9 3 3 0 0 3 . 6 2 2 2 . 3 7 3 6 0
K K - 2 B 3 7 5 0 2 . 9 0 . 5 3 9 6 0 0 0 2 . 0 18 5 2 0 0

t/- 4 34.2l 9 . 4 4 4 1 . 9 0 2 . 9 9 4 4 . 7 5 1 9 . 0 8 29.35
K K - 3 A 9140 3 . 7 0 1 . 5 7 8 6 2 0 0 5 . 6 0 3 1 . 9 1 2 1 0 0 ’
K K - 3 B 3 0 6 0 0 . 0 1 0 . 5 2 100000 2 . 1 1 5 4 9 0 0

KK-4A 5 0 5 0 2 . 7 5 0 . 9 9 5 1 0 6 0 0 0 3 . 1 0 2 2 . 5 7 2 6 0
KK-4B 0890

- 5 1 . 9 7
K K - I A 0 5 0 0
KK-58 3 9 5 0

an t/- k a 4

BAYPLB DBBIONATIOII'  NBRCURY

K K -  1A x0.032

2 . 7 0 . 7 0 9 3 0 0 0 3 . 8 3 4 1 2 0 0 0
l.l2 21.ia 1 2 . 2 4 1 9 . 1 0 Si.11 6Sa
4 . 3 7 1 . 4 3 8 2 9 0 0 4 . 6 4 2 9 . 5 1 0 8 0 0
1 . 6 0 . 4 3 1 0 0 0 0 0 2 . 6 3 0 5 6 0 0

9 7 1.4) 49.u

moYBsxuw 80DIulr WICKBL VANADIUN BIWC

6 0 2 0 i200 2 1 . 3 9 . 0 6 2 0 . 6 ’ 1 6 . 5
KK-18 0 . 0 3 0 4 4 4 0 5 0 0 *9.4 3 . 9 10 co.4

m 11.71 3 4 . 9 0 I I l I l

KK-2A ~0.036 6 1 4 5 2 0 3 3 0 . 6 3 . 5 5 2 i . 4 2 4 . 1
KK-28 0 . 0 3 0 6 1 7 0 350 1 6 6 . 4 20 x9.5

+I- 4 5.84 0.41 7 2 . 4 1 I , 00.2. I 40.5@
KK-3A 0 . 0 3 9 9 5 0 0 1 5 8 4 7 . 6 4 . 5 0 3 0 . 5 3 0 . 5
K K - 3 B <0.030 5 2 6 0 1 9 0 1 6 2 . 7 10 c9.6

OB tf- % 2 . 5 4 4 4 . 4 3 2 0 . 2 1 64.39 4 0 . 0 0 3 7 . 7 0 68.U
KK-4A <0.040 5 9 5 0 1 2 9 2 9 . 5 4 . 9 2 2 1 . 5 1 7 . 3
KK-4B 0 . 0 6 0 0500 2 9 0 3 7 5 . 0 35 2 0

OB +/- I; S O . 0 0 4 2 . 0 6 U-81 2 9 . 4 2 1 . 4 3 . 15.41
KK-SA 0 . 0 5 4 7 7 5 0 1 3 1 4 2 . 5 4 . 2 1 2 5 . 5 2 3 . 9
KK-5B c o . 0 3 9 3 0 0 0 3 4 0 1 7 6 6 1 0 1 2 0
w(3B t/- % 2 7 . 7 0 6 1 . 2 9 . 6 0 . 0 0 i467.70 2 9 . 4 1 402&$

F o o t n o t e s .
* = All total metals cokentrations  are in expreseed milligrama per kilogram (mg/kg).
+ = An @*Al*  in the sample designation indicates a firet  round sample; a lrBrU indicates a second round sample.

w
*w



TADLB C-19. Total netale Concentrations* in Soil Samples Collected at Camp Freedom, Kuwait

BANPLB DBSIONATION' ALUYINUN ARBBNfC BBRYLLfM CALCIUN CADNIUH CBROWIM

CF-IA 4000 1.79 0.547 45000 Cl.0 17.0
CF-18 4130 1.1 0.43 43000 Cl.9 14

IRON

4420
4100

+I- k 3.31 38.11 21.38 4.44 1.16 17.65 7.u
CF-2A 3480 1.81 0.591 36200 c2.0 17.1 4060
CF-2B 2320 0.96 0.23 22000 x1.9 17 2700

+I- Ir 33.33 48.96 41.08 39.13 5.00 B 33.u
CF-3A 4380 2.25 0.758 45000 1.89 23.7 5400
CF-38 4900 1.5 0.43 40000 2.5 24 6500

CF-IA 5510 1.95 0.799 47000 2.24 26.2 6300
CF-4D 4210

CF-5A 5620
CF-58 3590

CF-LA 6610

SAHPLI DBSIONATION'  NBRCURY

1.1 0.26 37000 cl.9 19 5000

2.22 0.771 43000 2.50 25.8 6130
1.2 0.29 37000 (1.9 47 4500

B 13.96 34.00 Il.17 2ia
20.4 15.7 40000 33.3 67.4 12700

8AONB8IuN SODIUM NICKEL LEAD VAYADlUN SIWC

CF-IA 0.036 4030 135 19.9 11.3 26.1 15.9
CF-18 co.039 4500 210 15 6.7 16 12
gnwms t/- t a.33 6.03 55.86 24.62 40.71 Il.70 2r.rp
CF-2A co. 039 4720 172 23.2 8.31 13.7 13.0
CF-28 co.030 3060 120 16 7.2 10 c9.6

CF-3A x0.038 6260 107 28.4 17.6 17.4 37.9
CF-3B <0.037 7020 340 37 ,5.4 22 240
-8 t/- % 2.63 21.h81.91 69.32 26.44 533.23
CF-4A 0.032 6040 223 34.4 11.6 20.0 29.4
CF-#B CO.038 5550 200 28 4.7 10 11

OB t/- I; 18.75 lB.B6  10.31 16.60 59.49 10.00 62.5$
CF-SA <0.039 6300 231 31.4 11.4 20.4 27.7

0.030 5280 210 41 4.8 14 13
-OS +/- % 2.56 16.19 9.09 30.57 -17.89 31.37 13.07
CF-CA 49.4 2270 647 82.1 262 10.6 1210

Footnotes.
* = All total metals concentrations are expressed in milligrams per kilogram (mg/kg).
t = An L'A1l in the sample designation indicates a first round sample; a *IB" indicates a second round sample.



TABLB C-19. Total netala Concentrations* In 8011 Saaplee Collected at the Nilitary Hospital, Kuwait

BAIIPLE DBBIO?JATION*  ALtMIbTDN ARBEYIC BBRY  LLKDM CALCIUN CADHIUH cERoNxuB IRON
aI-.
E

H H - I A 4 0 0 0

MH-18 505001 t/- 1;H H - I A 3 4 0 0
W-28 4 8 4 0

6 +/- k 4 2 . 3 5
HH-3A 6 7 0 0
M H - 3  B 3120

OB tf- I; 13.43

BAnPLE DBBIQNATION'  WIHCURY

L
3 . 2 0 . 7 8 2 4 0 0 0 <1.9B 2 2 . 5 4 5 0 0

2 . 1 0 . 4 2
3 4 0 0 0 x1.9 31 6900

a 44.1s 4 1 . 6 7 4 . 0 4 1 7 . 7 8
5.

3 . 9 0 . 5 9 53.3q
1 9 0 0 0 cl.96 1 2 . 5 3 0 0 0

<
1 . 6 0 . 3 9

2 4 0 0 0 K2.0
%

2 2 5 5 0 0
s o . 9 7 31.90 2 4 . 3 2 2 . 0 4 7 6 . 0 0

5 . 0
4 4 . 7 4

2

1.19 4 0 0 0 0 2 . 3 8 2 7 . 3 7 5 0 0 1.
1.5 0 . 2 2 1 5 0 0 0 rt

x 2 . 0 1 3 3 5 0 0
7 0 . 0 0 ora 62.SO l b . 9 7 bP.ll r3.u $

c

NAOWIBXUN 60DIlW YICKBL LBAD VAN&DXUH BINC qC1.

HH- 1A 4.04 4 5 0 0 100 2 2 . 7 a . 3 1 9 . 0 1 3 . 4 2

HI+18 <o. 036 7 3 0 0 3 3 0 3 3 2 4 2 5 5 7

<0.04 3 2 0 0 40 1 5 . 7 4 . 9 19.6 c6.9

HH-2B co. 039 5 0 6 0 2 4 0 2 3 7 . 7 10 6 2 F

klH-3A 1 9 . 8 1 1 . 0 3 1 . 7 1 8 . 6 %
HH-3B x 0 . 0 3 9 3 3 0 0 1 2 0 1 4 4 . 9 1 2 4 2 I

t/- I a.50 - . B.09 I l 4s 4a.m :

Footnotes. i.n
+ P All total metal8 concentratione are expressed in milligram8 per kilogran (lag/kg).
+ = An l@Aal  in the eample  deaiqnation indicates a first round aample a nBw indicates a second round aample.



TABLE C-20. Total Metale Concentration6 in Soil Samples Collected at Camp Thunderock,  Doha, Kuwait ~

8RNPLB DBI¶IONATIOW'  ALUYIYUM ARBBMIC BERYLLIUM CALCIUM CADMIUM CBROliXM IROH

CT-lb 4440 2.34 0.66 95200 (1.64 13.9 5040
CT-1B 2940 2.2 0.43 l60000 3.7 17 3200

t/- I: 33.70 SjP 34.16 in.07 125.61 22.30
C T - 2 A 5 5 2 0

4r.a
2.69 0 . 7 1 1 5 5 0 0 0 <1.77 1 7 . 5 7 0 8 0

C T - 2 8 4 6 0 0 2 . 2 0 . 4 2 110000 3 . 4 2 3 5 1 0 0
t/- 1; 16.67 1 m . 2 2 #O.Ol 2 9 . 0 3 9 2 . 0 9 3 1 . 4 3

C T - 3 8 5810
27,pZ

2 . 5 0 0 . 7 1 131000 x 1 . 7 7 3 0 . 5 6990
CT-38 6 7 2 0 2 . 1 0 . 5 0 160000 4.2 36 7900

4CT-#A 2.61 0.55 183000 2 . 0 2 110 4970
CT-48 2910 2 . 4 0 . 5 3 1 9 0 0 0 0 4.1 14 2 9 0 0

a I.09 3 . 6 4 3 . 8 3 102.97 07.27 I’ -
CT-5A 3850 2.96 0.55 225000 Cl.82 26.4 4100
CT-58 2990 2.2 0.43 200000 3.2 15 1900

t/- t 23.34 2l.U Pl.IP 11.11 I 8 I .

': BAnPLR  DES10NATION'  WIROURY KR0Nua1uN UODIUN WfOlllL LBM) VLYADSUN rma
PF CT-1A 0.049 6870 559 24.9 2.74 21.6 11.1

CT-18 CO.038 3790 1300 18 7.3 20 24
I 3 II I ~ 166.42 I .

CT-2A
lII.pp

co.035 9170 878 35.8 3.40 34.3 15.4
CT-2B co. 038 6770 23000 25 3.5 22 45

t/- z ..I7 I 7 2si*.s* 30.17 3.94 31.67
CT-3A 0.035 0110 731 37.2 3.58 29.2 16.1
CT-38 co. 039 9280 1400 40 4.0 36-- i0

OB t/- z 11.43 14.43 91.52 7113 11.73 23.29 396&
CT-4A  co.037 0060 32110 51.7 X0.16  20.4 22.2

I CT-48 co.039 3580 4900 18 3.0 10 53
-OS t/- Z 6.41 -15.50  -04.74 -65.16 1546,67  -11.76  136.74
CT-5A  <On036  7440 25455 25.5 1.6 18.2 14.9
CT-5B <0.037  4510 13000 16 3.4 15 32

t/- 0 2.78 39.38 48.93 37.25 112.50 17.16 114.72

FOotnOt8S.
* = All total metal8 concentrations are expre8sed  in milliqrame per kilogram (mg/kg).
t = An a4Ama in the sample deeignation indicates a first round sample; a rrBlr  indicates a second  round sample.



.

T&BLB  c-21. Total Hetale Concentrations' in Soil Samples Collected at the U.E. Embaeey,  Kuwait City, Kuwait

BAIIPLB  DBBlalrATIOB*  ALUNIIlDN AltBBIIIC BERYLLlM CALCXDII CADHXDU CEMOHIDM IROU

EM- 1A 4000 1.6 0.99 94000 2.77 30.1 6000
EH-1B 5570 2.0 0.48 94000 2.6 24 6700

+/- Ir 16.04 P1.0. sa.sa 0.00 6.14 10.47 il. 67
EH-2A 5000 2.3 1.17 110000 3.11 114 7200
BH-28 4900 1.6 0.41 60000 2.3 22 6100

8 t/- I il,S2 30.41 il.96 19.1m 26.0s 00.70
EM-3h 3400 1.9 0.59 64000 1.96 15.9 3600

f?

EH-3B 2600
t/- k

EH-4A 4300
EM-48 5230

+I- Ir Pi.63

BANPLE  DBBI(IUATIOI'  NBlCURr

E%-lh 0.04
EH-1B 0.040

0.88 0.27 74000 <1.9 10 2800
61 2.04 27.li 2aa

0.50 0.80 110000 2.20 20.2 4700
1.7 0.36 75000 2.7 22 6200
24

nnanmtun BODItBl lXCKBL LBAD vuAD1uB SIYC

6900 610 36.8 21.0 17.8 75.4
7190 880 35 20 21 761

z +I- k 0.00 7.10 44.26 6.76 17.m 0.84
En-2A 0.04 8300 1000

;S.S 4.86
37.0 22.7 109

En-28 (0.039 7020 770 32 26 20 66- -
II.42

Go0

21.00
iSO

I , I l a . I

EM-3h 0.04 16.7 33.0 11.8 32.7
EM-3B <o ,031 ii90 690 9.8 11 l? 11

EM-4h to.04 6900 1900 25.0 30.0 14.6 49.4
EM-48 eO.038 7210 730 30 26 20 b2

E t/- Ir 1.00 4.41 61.H 20.00 12.31 36.90 6S.S$

Footnotes.
+ = All total metals concentration8 are expressed in milligrams per kilogram (mg/kg).
t = An HAna in the sample designation indicates a first round sample; a IIB*B indicates a second round sample.



TABLE c-22. Total Metals Concentrations’ in Soil Samples Collected at Al Ahradi  Hospital, Kuwait

SAMPLE DEBIONATIOW'  ALUMYDW AllSBYIC BBIYLLIDH CALCIDN CADNIUM CRRONIDN IRON

AH-IA 4250 2.00 0.70 32600 x1.75 53.4 5 6 5 0
AH-1B 3860 1.5 0.20 26000 X1.8 17 4 7 0 0

au t/- Ir
\

0.18 11.00  60.00 20.2s 2.a6 60.16 16.U
A H - 2 h . 4400 2.52 0.96 33800 x1.92 16.9 0790
AH-2B 3200 1.4 0.25 26000 x2.0 13 4 0 0 0

t/- k 27.a7 4 4 . 4 4 73.m aa. 4 . 1 7 as.00 s4.4*
AH-3h 4100 2.14 0.69 34800 x1.72 6.78 5 6 4 0
AH-3B 3360 i.6 0.39 30000 Cl.9 16 4 4 0 0

t/- I 20.49  -2s.21 -43-9 10.47 -9 21.m

BANPLB DEBIONATION MERCORY NAoN8eIuN BODXDH NICKEL LBAD VANADIDN 8IHC

AH-M 0,035 7510 1068 40.4 45.3 21.4 2 6 . 0
AH-1B 0.092 5530 1600 24 4.4 20 18

t/- % 1-1 -26.34 4B.61 -40.1s  -90.26 I mr -30.77
0 AH-IA 0.038 6310 1637 29.6 31.2 28.8 82.1
I A H - 2 B 0 . 0 3 9 5 8 6 0 7 5 0 1 9 9 . 9 1 6 3 2
L-J t/- Ir 2 . 4 3 7 . 1 3 II.  ll 35.0a 6 0 . 2 7 4 4 . 4 4 6m

A H - 3 h 0 . 0 3 4 6 9 3 0 3 1 3 8 2 2 . 9 3 6 . 7 2 7 . 2 3 4 . 8
AH-38 0.039 6 0 0 0 6 8 0 2 2 1 3 1 5 1 8

t/- % 1 4 . 7 1 1 3 . 4 2 7 8 . 3 3 3 . 9 1 64.10 441.1 48a

Footnotes.
l - All total metals concentrations are expressed in nilliqrams  per kilogram (mg/kg).
t = An l@A’L in the sample designation indicates a first round sample! a nBs indicates a second round sample.



TABLE c-23. Total kietal8 Concentrations4  in Soil Sample8 Collected in Saudi Arabia and Kuwait z!
Round 1 fv

BXTE

ALUMNUN ARBIWIC BERYLLIUN CALCfUN CADKlDM
5

Wean 95WCI Wean 95uJCI Usan 95WCI Mean 951UCI Hean 952UCI  l

Khobar Tower8
Al Khobar, Sh

2480 3002.38 1.268 1.464 0.396 0.478 81700 123749.015 1.858

Camp 1
Al Jubayl, SA

2396 2807.068 1.484 1.694 0.425 0.409

KKUC 6820 8496.654 3.456 3.992 1.14
SA

':P Camp FrSedOm/ 4636.25 5453.276 2.765 3.575 0.753
P Military Hospital

Kuwait*

1.438

51140 62043.415

124400 156526.522

84420 101358.607

37600 44979.520

1.818

Eskan Village
Riyadh, Sh.

3428 3977.688 2.584 2.727 1.602 3.356 2.57

3.94

0.894 1.61

Camp Thunderock 4754 5510.09 2.62 2.822 0.636
Doha, Kuwait

0.707 1.104

U.S. Embassy 4575
Kuwait City, Kuwait

5556.224 1.647 2.604 0.867 1.132

157840 201216.957

94500 115753

33733.33 34979.814

2.51

Al Ahmadi Hospital 4250.000 4419.741 2.220 2.524 0.783
Kuwait

0.957 0.898

r.
r*

2.254 e.
w

2.955 z!
1

5.018 E

3
2.101 '

s
I
z

1.554 &
c
u

3.024 1
w.

0.959 v1

iz
Ls

Footnotes. See Page C- . I
CJ
u
d
ae



TABLB C-23. Total Metal6 Concentrations* in Soil Samplee  Collected in Saudi Arabia  and Kuwait
(continued) Round 1

CIJ8OltIBN IROU MBRCURY MAOUB8IUH SODIUM

81TE Mean 95WCI Mean 95WCI Mean 9SlUCI M e a n 9swcx Hean 95PUCI

Khobar Towers 9.654 13.21 2952 3503.690 0.018 0.019 0420 10926.157 3043.6 10050.697
AA Khobar, SA

Camp 1 9.04 13.389 3166 3630.157 0.019 0.02 8936 11790.093 3110.8 7105.951
Al Jubayl, SA

Eskan Village 14.06 18.232 5005 5577.038 0.033 0.04 3188 3654.439 2140 3228.444
Riyadh, SA

KKMC 24.66 29.836 8706 10906.48 0.029 0.044 7233 8103.713 360.2 021.078
S A

?P Camp Freedom/ 21.513 25.223 5273.75 6171.05 0.023 0.028 5606.25 6703 .006 149.75 195.242
VI Military Hospital

Kuweit'

Camp Thunderock 39.66 74.618 5812 6918.027 0.028 0.04 7430 8682.829 11953.6 25588.179
Doha, Kuwait

U.S. Embassy 45.05 90.473 5375 6906.593 0.035 0.045 6900 0020.233 1017.5 1625.436
Kuwait City, Kuwait

Al Ahmadi Hospital 25.693 53.443 6693.333 0748.075 0.036 0.038 6916.667 7595.756 1950.00 3159.973
Kuwait

Footnotee. See Page C- .



TMLB C-23.
(continued)

Total H&ale Concentrations' in Soil Samples Collected in Saudi Arabia and Kuwait
Round 1

8IVE

Khobar Towera
Al Khobar, SA

YICEBL

Mean 952UCI

15.40 lb.51

LBAD VAmDlDn SIDE

Wan 95WCI Hean 95WCI Hean 9SlUCX

10.912 15.30 8.672 12.277 20.028 31.162

camp 1
Al Jubayl, SA

E&an Village
Riyadh, SA

15.26

19.36

KKHC
SA

Canp Freedom/
military  Hospital
Kuwait*

34.3

24.438

Camp Thunderock
Doha,  Kuwait

U.S. Embassy
Kuwait City, Kuwait

Al Ahmadi Ho8pltal
Kuwait

35.02

33.75

30.967

1 8 . 0 0 9

22.753

43.596

28.87

20'.646

10.324

5.240

10.551

44.508

50.669

40.958

2.444

30.25

37.733

30.509 11.862

1 5 . 6 5 5 16.98

7.166 23.9

13.095 20.987

3.461 24.72

36,915 16.725

45.775 25.800

1 6 . 4 0 2 9

18.008 17.14

27.541 22.46

24.82 23.031

30.614 15.94

21.309 66.625

30.206 47.633

40.023

21.776

27.467

31,523

19.446

99.227

01.776

Footnote&.
952UCI = The upper value of the 95 percent confidence interval.
SA = Saudi Arabia.
KKHC = King Khalid Military City.
l = Ali total metals concentrations are expressed in milligrams per kilogram (mg/kg).
t - Sampling data were combined for Camp Freedom and the Military Hospital.
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TABLE C-24. Total Hetals Concentrations’ in Soil Samples Collected in Saudi Arabia and Kuwait
Round 2

ALUrlYun APIlBUKC BaRYLLrun CALCKON CADMIUM

BITE Hean 95lUCI Mean 95WCI Hean 95IUCI Hean 952UCI Hean 952UCT

Khobar Towers 2471.429 3015.331 1.094 1.305 0.094 0.097 57875.714 99136.718 3.286 3.778
Al Khobar, SA

Camp 1
Al Jubayl, SA

1560 1873.6 0.323 0.327 1.52 1.985 34000 47001.169 2.89 6.246

Eskan Village
Riyadh, SA

3210 3516.759 2.157 2.71 0.49 0.541 132571.429 158933.097 1.929 2.408

n
IP
4

KKMC 3676.357 5701.131 1.816 2.624 0.464 0.595 78206.414 112375.313 2.257 2.886
S h

Camp Freedom/ 4163.636 4965.38 1.345 1.619 0.351 0.406 32000 38055.561 1.268 1.674
Hi1 itary Hospital
Kuwait’

Camp Thunderock 3786.333 5071.911 2.015 2.424 0.428 0.503 151666.667 106514.514 4.933 7.332
Doha, Kuwait

U . S .  Embassy 4515
Kuwait City, Kuwait

5515.877 1.547 1.842 0.398 0.462 85666.667 113006.93 2.225 2.748

Al Ahmadi Hospital 3440.000 3852.998 1.500 1.613 0.307 0.390 27333.333 29946,667 0.950 1.007
Kuwait

FOOtnOt8S. See Page c- .
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TABLE  C-24, Total Metals Concentrations' in Soil Saaplee Collected in Saudi Arabia and Kuwait z!
(continued) Round 2 Ee

CUROHIDM IRON HSRCDRY Hhounexun BODIUn ZY

SITE

Khobar ToW8rm

Al Khobar, Sh

Hean 95WCI Mean 95lUCI Hean 95MCI Mean 95WCI Mean 95WCT y

12.986 15.01 2714.286 3275.917 0.051
0.066 8237.571 11257.794 2472.857 4553.601

z
3

Camp 1
Al Jubayl, SA

14.954 21.313
!G

2204 2669.251 0.023 0.031 5000 6883.029 1046 2446.085 z,
P

Eekan Village
Rlyadh,  Sh

17.857 20.216 4714.286 5198.99 0.02 0.02 3031.429 3353.53 4445.714 6426.782 2
1

KKnC
Sh

18.064 26.515
4957.043 7691.968 0.033 0.044 4889.214 6940.842 282.857 395.346 %

Camp Freedom/ 21.257 28.674
Military Hospital
Kuwait*

Camp Thunderock
Doha,  Kuwait

19.833 26.724

4845.455 5925.595 0.021 0.024 5176.364 6395.808
3

214.545 2T7.559 '
w
'f .

4133.333 5765.882 0.019 0.019 5195 7089.938 7376.667 14530.034 %
A
I"

U.S. Embassy 19.667 24.127
Kuwait City, Kuwait

Al hhmadi Hospital 15.333 17.609
Kuwait

5433.333 6747.817 0.023 0.03 6780 7327.492 811.667 1027.41 E
&IP1

4366.667 4764.074 0.057 0.091 i5796.667 6069.741 lOlO.OUO 1589.555 m
s

Footnotes. See Page C- .
4

I
"

B
0
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TABLI c-24.
(continued)

Total Metale Concentratione’  In Soil samples Collected in Saudi Arabia and Kuwait
Round 2

YICKBL LNM VANADXDN SING

SITE Wean 95WCI Mean 95WCI Mean 95WCI Uean 95WCI

Khobar Towers 21 23.566 8.286 9.846 10.5 13.692 38.857 49.338
Al Khobar, SA

'camp 1 9.65 15.661 11.874 16.365 7.05 9.828 15.196 21.499
Al Jubayl, SA

Eskan Village
Riyadh,  SA

15 16.913 9.329 12.039 17.571 19.275 64.857 88.765

KKMC 15.657 23.636 12.664 30.144 17.986 24.965 39.464 75.066
SA

Camp Freedom/ 24.082 31.422 8.336 12.065 17 20.643 47.345 87.084
Military Hospital
Kuwait’

Camp Thunderock
Doha, Kuwait

22.333 29.713 4.4 5.689 20.833 27.243 51.667 69.09

U.S. Embassy 27.8 36.085 20.167 25.556 18.5 21.526 60.667 81.641
Kuwait City, Kuwait

Al Ahmadi Hospital 21.667 24.514' 9.100 14.029 17.000 19.994 22.667 31.813
Kuwait

Footnotes.
95OUCI = The upper value of the 95 percent confidence interval.
SA = Saudi Arabia.
KKMC ='King Khalid Military City.
* m All total metals concentrations are expressed in miiiigrams per kilogram (mg/kq).
+ = Sampling data were combined for Camp Freedom and the Military Hospital.



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 Dee 91

TAELE c-25. Change in Total Metals Concentrations*
between Sampling Rounds
Khobar Towers, Al Khobar, Saudi Arabia

METAL ROURDl EomD2 CgAHGE +/- %

Aluminum 2488 2471.429 -0.67
Arsenic 1.268 1.094 -13.72
Beryllium 0.396 0.094 -76.26
Calcium 81780 57875.714 -29.23
Cadmium 1.858 3.286 76.86
Chromium 9.654 12.986 34.51
Iron 2952 2714.286 -8.05
Mercury 0.018 0.051 183.33
Magnesium a420 8237.571 -2.17
Sodium 3843.6 2472.357 -35.66
Nickel 15.48 21 35.66
Lead 10.912 8.286 -24.07
Vanadium 8.672 10.5 21.08
Zinc 20.028 38.857 94.01

UPPER VALUE OF TEE 95% CObmIDE#CE IMTER'VU

Aluminum 3002.38 3015.331 0.43
Arsenic 1.464 1.305 -10.86
Beryllium 0.478 0.097 -79.71
Calcium 123749.015 89136.718 -27.97
Cadmium 2.497 3.778 51.30
Chromium 13.21 15.01 13.63
Iron 3583.698 3275.917 -a.59
Mercury 0.019 0.066 247.37
Magnesium 10926.157 11257.794 3.04
Sodium 10050.697 4553.601 -54.69
Nickel la.51 23.566 27.31
Lead 15.38 9.846 -35.98
Vanadium 12.277 13.692 11.53
Zinc 31.162 49.338 58.33

Footnote.
* = All total metals concentrations are expressed in milligrams

per kilogram @g/kg).
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Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 Dee 91

TABLE C-26. Change in Total Metals Concentrations*
between Sampling Rounds
Camp 1, Al Jubayl, Saudi Arabia

HRTAII RODPDl RODRDP cm4NGE +/- %

Aluminum 2396 1560
Arsenic 1.484 0.323
Beryllium 0.425 1.52
Calcium 51140 34000
Cadmium 1.818 2.89
Chromium 9.04 14.954
Iron 3186 2204
Mercury 0.019 0.023
Magnesium 8936 5000
Sodium 3110.8 1046
Nickel 15.26 9.65
Lead 20.646 11.874
Vanadium 11.862 7.05
Zinc 29 15.196

UPPER VRLDR OF THE 9S% CORPIDRRCR IRTRRVAI,

-34.89
-78.23
257.65
-33.52
58.97
65.42

-30.82
21.05

-44.05
-66.38
-36.76
-42.49
-40.57
-47.60

Aluminum 2807.068 1873.6 -33.25
Arsenic 1.694 0.327 -80.70
Beryllium 0.489 1.985 305.93
Calcium 62043.415 47001.169 -24.24
Cadmium 2.254 6.246 177.11
Chromium 13.389 21.313 59.18
Iron 3620.157 2669.251 -26.27
Mercury 0.02 0.031 55.00
Magnesium 11798.893 6883.029 -41.66
Sodium 7185.951 2446.085 -65.96
Nickel 18.009 15.661 -13.04
Lead 30.509 16.365 -46.36
Vanadium 16.48 9.828 -40.36
Zinc 40.023 21.499 -46.28

Footnote.
l = All total metals concentrations are expressed in milligrams

per kilogram (mg/kg).
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Final Rpt, Kuwait Oil Fire EIRA No. 39-26-L192-91, 5 May - 3 Dee 91

TABLE C-27. Change in Total Metals Concentrations*
between Sampling Rounds
Eskan Village, Riyadh, Saudi Arabia

METAL ROUBDl ROUBDP

Aluminum 3428 3210
Arsenic 2.584 2.157
Beryllium 1.602 0 . 4 9
Calcium 124400 132571.429
Cadmium 2.57 1.929
Chromium 14.86 17.857
Iron 5005 4714.286
Mercury 0.033 0.02
Magnesium 3188 3031.429
Sodium 2140 4445.714
Nickel 19,36 15
Lead 10.324 9.329
Vanadium 16.98 17.571
Zinc 17.14 64.857

UPPER VAfrvE OP TBE 95% COBPIDEBCP IB'TBR=

CmasGE +/- %

-6.36
-16.52
-69.41

6.57
-24.94
20.17
-5.81

-39.39
-4.91
107.74
-22.52
-9.64
3.48

278.40

Aluminum 3977.688 3516.759 -11.59
Arsenic 2.727 2.71 -0.62
Beryllium 3.356 0.541 -83.88
Calcium 158526.522 158933.097 0.26
Cadmium 2.955 2.408 -18.51
Chromium 18.222 20.216 10.94
Iron 5577.038 5198.99 -6.78
Mercury 0.04 0.02 -50.00
Magnesium 3654.439 3353.53 -a.23
Sodium 3288.444 6426.782 99.07
Nickel 22.753 16.913 -25.67
Lead 15.655 12.039 -23.10
Vanadium 18.088 19.275 6.56
Zinc 21.776 88.765 307.63

Footnote.
* = All total metals concentrations are expressed in milligrams

per kilogram (mg/kg).
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Final Rpt, Kuwait Oil Fire BRA No. 39-26-L192-91, 5 J&y - 3 Dee 91

TABLE C-28. Change in Total Metals Concentrations*
II

between Sampling Rounds
King Khalid Military Village, Saudi Arabia

nET2ul ROUND1 ROUND2
r-

Aluminum 6820 3676.357
Arsenic 3.456 1.816
Beryllium 1.14 0.464
Calcium a4420 78286.414
Cadmium 3.94 2.257
Chromium 24.86 18.064
Iron 8706 4957.843
Mercury 0.029 0.033
Magnesium 7233 4889.214
Sodium 380.2 282.857
Nickel 34.3 15.657
Lead 5.248 12.664
Vanadium 23.9 17.986
Zinc 22.46 39.464

UPPER VALUE OF TEE 95% CODFIDE.!JCD INTERVAL

CWWGE +/- %

-46.09
-47.45
-59.30
-7.27

-42.72
-27.34
-43.05
13.79

-32.40
-25.60
-54.35
141.31
-24.74
75.71

Aluminum 8496.654 5701.131 -32.90
Arsenic 3.992 2.624 -34.27
Beryllium 1.438 0.595 -58.62
Calcium 101358.687 112375.313 10.87
Cadmium 5.018 2.886 -42.49
Chromium 29.836 26.515 -11.13
Iron 10986.48 7691.969 -29.99
Mercury 0.044 0.044 0.00
Magnesium 8503.753 6940.842 -18.38
Sodium 821.878 395.346 -51.90
Nickel 43.596 23.636 -45.78
Lead 7.166 30.144 320.65
Vanadium 27.541 24.965 -9.35
Zinc 27.487 75.066 173.10

Footnote.
* = All total metals concentrations are expressed in milligrams

per kilogram (mg/kg).
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Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91, S May - 3 Dee 91

H

TAB&E C-29. Change in Total Metals Concentrations*
between Sampling Rounds
Camp Freedom and the Military Hospital, Kuwait

METaIl ROUND1 ROUND2 -GE +/- %

Aluminum 4636.25 4163.636 -10.19
Arsenic 2.765 1.345 -51.36
Beryllium 0.753 0.351 -53.39
Calcium 37600 32000 -14.89
Cadmium 1.61 1.268 -21.24
Chromium 21.513 21.257 -1.19
Iron 5273.75 4845.455 -8.12
Mercury 0 . 0 2 3 0.021 -8.70
Magnesium 5606.25 5176.364 -7.67
Sodium 149.75 214.545 43-27
Nickel 24.438 24.082 -1.46
Lead 10.551 8.336 -20.99
Vanadium 20.987 17 -19.00
Zinc 23.031 47.345 105.57

UPPER VALUE OF TEE 95% COHFIDEEE fbtTERVX,

Aluminum 5453.276 4965.35 -8.95
Arsenic 3.575 1.619 -54.71
Beryllium 0.894 0.406 -54.59
Calcium 44979.528 38055.561 -15.39
Cadmium 2.101 1.674 -20.32
Chromium 25.223 28.674 13.68
Iron 6171.85 5925.595 -3.99
Mercury 0.028 0.024 -14.29
Magnesium 6703.806 6395.808 -4.59
Sodium 195.242 267.559 37.04
Nickel 28.87 31.422 8.84
Lead 13.095 12.065 -7.87
Vanadium 24.82 20.643 -16.83
Zinc 31.523 87.074 176.26

Footnote.
l = All total metals concentrations are expressed in milligrams

per kilogram (mg/kg).
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TABLE C-30. Change in Total Metals Concentrations*
between Sampling Rounds
Camp Thunderock, Doha, Kuwait

MBTAII ROUND1 RouBlDP

Aluminum 4754 3788.333
Arsenic 2.62 2.015
Beryllium 0.636 0.428
Calcium 157840 15166.667
Cadmium 1.104 4.933
Chromium 39.66 19.833
Iron 5812 4133.333
Mercury 0.028 0.019
Magnesium 7430 5195
Sodium 11953.6 7376.667
Nickel 35.02 22,333
Lead 2.444 4.4
Vanadium 24.72 20.833
Zinc 15.94 51.667

UPPER VRLUR OF TRR 9S% CO#pIDg#CE IMTERV?&

CHaNGEi +/- %

-20.31
-23.09
-32.70
-3.91

346.83
-49.99
-28.88
-32.14
-30.08
-38.29
-36.23
80.03

-15.72
224.13

Aluminum 5510.89 5071.911 -7.97
Arsenic 2.822 2.424 -14.10
Beryllium 0.707 0.503 -28.85
Calcium 201216.957 186514~514 -7.31
Cadmium 1.554 7.332 371.81
Chromium 74.618 26.724 -64.19
Iron 6918,027 5765.882 -16.65
Mercury 0.04 0.019 -52.50
Magnesium 8682.829 7089.938 -18.35
Sodium 2588.179 14560.034 -43.22
Nickel 44.588 29.713 -33.36
Lead 3.461 5.689 64.37
Vanadium 30.614 27.243 -11.01
Zinc 19.446 69.89 259.41

Footnote.
l = All total metals concentrations are expressed in milligrams

per kilogram (mq/kg).
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Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-9x6 5 May - 3 Dee 91

TABLE C-31. Change in Total Metals Concentrations*
between Sampling Rounds
U.S. Embassy, Kuwait City, Kuwait

METAL Icouml Bommz cmu?GE +/- %

Aluminum 4575 4515 -1.31 *
Arsenic 1.647 1.547 -6.07
Beryllium 0 . 8 8 7 0.398 -55.13
Calcium 9450.0 85666.667 -9.35
Cadmium 2.51 2.225 -11.35
Chromium 45.05 19.66f -56.34
Iron 5375 5433.333 1.09
Mercury 0.035 0.023 -34.29
Magnesium 6900 6780 -1.74
Sodium 1017.5 811.667
Nickel

-20.23
33.75 27.8 -17.63

Lead 30.25 20.167 -33.33 ~
Vanadium 16.725 18.5 10.61
Zinc 66.625 60.667 -8.94

UPPER OUIOE 08 TEZ OS% CQNFIDBNCE fm

Aluminum 5556.224 5515.877 -0.73
Arsenic 2.604 1.842 -29.26
Beryllium 1.132 0.462 - 5 9 . 1 9
Calcium 115753 113006.93 -2.37
Cadmium 3.024 2.748 -9.13
Chromium 90.473 21.127
Iron

-73.33
6906.593 6747.817 -2.30

Mercury 0.045 0.03 -33.33
Magnesium 8020.233 7327.492
Sodium

-8.64
1625.436 1027.41

Nickel
-36.79

50.669 36.085
Lead

-28.78
36.915 25.556 -30.77

Vanadium 21.309 21.526
Zinc

1.02
99.227 81.641 -17.72

Footnote.
* t All total metals concentrations are expressed in milligrams

per kilogram (mg/kg).



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 Dee 91

TABIS C-32. Metals that had a Statistically Significant
Increase in Concentration Between Rounds 1 and 2

SAUDI ARABIA

SITE

Khobar Towers, Al Khobar

METALS

Cadmium
Chromium
Mercury
Nickel
Zinc

Camp 1, Al Jubayl Beryllium

Eskan Village, Riyadh Zinc

King Khalid Military City

KUWAIT

C a m p  F r e e d o m

Military Hospital

Camp Thunderock, Doha

None

None

Zinc

Cadmium
Zinc

U.S. Embassy, Kuwait City

Al Ahmadi Hospital

None

None
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TABLE C-33. KHOBAR TOWERS I
Rouod3SolIsDau

s
P*
l-f

DAN
DA&C
DASC
DA.44
DAMI

MEAN ’ 2.06E+03  1,57E+OO  2.6SE-01  4.44E+W  1,4lE+CMl  Z.BE+Ol 3.OOEtO3 1.9lEJJ2  l.IOEtW 1.79Et03  2.28E+OI  6.OOE+oO  E.32E+00  2.3OE+Ot
STD 4.34E+M 6.348-01 9.628-02  2.64Et00 b.llE-Ol 2,lOE+OI  lA6EtO3 7.42E# 7.85EtO3  2.llEt03  1.19EtOI  2.07Et08  4.74EtfM  7.9lEtOO

o 95% UCL 2.778+03  2.6lEtOO 4.23E-01  B.78Et04  2.41E+00  6.08E+OI  6.MEt03 2.03E-02  2.39EtO4  X27%+03  4.23EtOl  9.4lEtW 1.6lE+Ol  3.6OEt01
1 2

&
al

Note - l/2 the dckclion  Iimitcnkxcd  forbc!owd&ctionlimi~  ramplem



TABLE C-34. MILlTARY HOSPITAL
Round 3 Solh  Data

AL AS BE CA CD CR FE HC MC NA M PR V ZN 0
MH-tC 2600 2.4, 0.2) 3oaKl I I3 0.02 !uKm 2W 27 4.7 15 27 L
MH-2c 2100 2.6 O.l8s( 24OW I 66 2900 0.0105 3300 I40 43 4.5 IS IOr
MH-3X! 3700 0.18 O.OlSl 44ow 0,9 I9 4800 O.OlB 6700 I80 30 6 22 23- z!
MEAN 2.80Et03 1.73E+W 7.27E-02 3.27E  tO4 9.678-01  3.27EtOI  3.7OEtO3 1.88EM S.WEtO3  1.73Eto2  3.33EtOl  5.07E+W  1.73E+OI  2.WE+Ol ii
STD r 8.19EtO2  1.34EtW l.llE-01 l.O3E+O4 5.77E-CQ  2.9OEtOI  9.05EtU2 1JME-03  1.7OE+O3  3.06E+Ol  S.SOEtW 8.14EXbt  4.04EtW  8.89EtW

%%UCL 4.IJEt03 3.94EtW 2.JSE-01  4.9SEt00  I.WEtW 8.CMEtOl  5.328+03 2.05E-02  7.8OEtO3  2.24E+m  4,73E+Ol  6.41EtW 2.40EtOI 3.46EtO1

Note - In Ihe  dckctian  limit enterad  for betow  d&ction  limit lamplea
3.



TABLE C-35, CAMP THtNDROCK
Round 3 SoUs  Data

5
P.
4-t

AL AS BE CA CD CR FE HG MC NA M PB V ZN 0P-
CT-t-c 25m 1.5 0.18 93am 0.9 21 3200 0.018 SIW IZoo 4.4 I8 I6 +

gtE 4100  49m 4.7 3 0.39 0.36 l3WOo  lmm 2.3 2.5 93 5700 0.018 ISWO 36w.m 4.4 31 29
I60 73W 0.0195 22Ow 6JooO loo 9.4 34 53

2.

CT-2-c 2200 4.3 0.2 76om I 86 4300 0.02 6700 26OW 58 3.9 21 21 z

MEAN 3.43EtO3  3.38E+W 2.83E-01  9.988~04  1.68EtW 9.WEtOI  S.l3E+O3 1.89EM  1.22Et04  3.48Et04  6.18EtOl  S.53EtW 2.6OE+OI  2.98EtOl  x
STD 1.29E+03  1.45EtW I .BSE-Ol  2.25E toQ 8.428-01  5.68E tOi I .778+03 1.03E-03  7.84Et03  2.24EtO4  3.07EtOt  2.59EtW  7.7OEtW 1.64EtOI E

9 5 %  UCL 5.551+03  5.75EtW  4.6OE-01  1.37EtO5  3.06EtW  I.83EtO2  InWE+ 2.ME-02  2.JlEtW 7.17E+o4  l.lZE+OZ  9.79E+W  3.87EtOl 5.67EtOl
n 2. I

I
al
0

Note  - l/2 the dckction  limit  edered  for below de&Con limit mampler
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2
v
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2
TABLE C-36. KHOBAR  TOWERS
Ramd4SaRgDals

2
P.
ti

AL AS 3E CA CD CR m HG MC NA NI PB v ZN
DA OVR COMP 29901 1.591 0.633 1 85200l 0.1205 I 16.91 20101 0.05 I 7340 ] 16901 19-s I

DA 1SSUB
39.9 1 14.8 I 27.8 2

31001 I.20 I 0.612 1 663001 0.0718] 17.01 24001 0.05 1 408Ol 4961 19.2 1 37.3 I 12.7 ] 21.9 p

MEAN L 3.05E+03]  1.44EtOO]  6.23E-O!]  7.58EtO4]  9.62E-021 1.74EtOl]  2.2lEtO3] 5.00E-02] 6.llEtO3] l.O9EtO3]  l.94EtOl] 3.86EtOl] 1.38EtOf]  2.49EtOl]  ?

Note - IL? Ihs &k&on limit enkrcd for below d&don limit wnplu
2
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TABLE C-37. CAMP 1
Rcud4SdbDat.a

i-t
AL AS BE CA CD CR FE HG SiG NA NI PB v ZN

4111 3550 1 I.031 0.66 I 67oiml 0.072ll 19.11 28801 0.05 I 5nol 15POt 23.21 46.2 I 15.31 46.3 E
A,j TL COM 3460( 0.2551 0.633 1 76500) O.CKUI 20.7) 29801 0.05 I 6720 1 15101 24.31 51.6(c 16.61 45.a *

MEAN [ 3,518+03f  6.43E-OlI  &47@-olI  7,18E+O41  5.12EMI 1.99E+Ol~  2.93EtU3~  5.OOE~~  6.228+03]  ln55EtO3~  238EtOli  4,89EtOlI IAOEtOlI  4,6lEtOI]f

Note - V2 the detection limit antered  for Mow detestion  limit umpla



2
TABLE C-38. ESKAN VILLAGE
Round4SdhData

B
P.
rt

AL AS BE CA CD CR FE HC MC NA NI PB V ZN
ESKAN TOTAL CMP 16701 2.31 0.5051 378001 0.012751 9.5 I l8Wl 0.05 1 a471 1351 11.91 22.61 7.471 12.1 :* '
RlS sun SrE CMP 44601 2.451 0.7181 l5loool 0.03571 20.61 369ol 0.05 I 2220 I 47601 24.21 461 16.61 23.7 w

MEAN [ 3.07Eto31  2.3BEtOOl  6.l2E-ol\  9.44EtO(l 2.42&02l  I.5tEtOlj  2.75EtO3t 5.WEXF21  I.53EtMI  2.45EtCt3~  t.llEtOl] 3.43EtOlj l.20E+011  1.79EtO11  :

Note  - I/2 Ihe d&don  limit  entered  for Mow dckctionlimit  runplu
ii

E
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TABLEC-39,  CAMPFREEDOM
Rcuod  4 Sob Data

CF coMPos
CF12

MEAN

AL AS BE CA CD CR
4%80 ]

Fe
1.2aj

HG
0.455 I 31wDl

MG NA
owl

NI PB V
1 18.5I 0.053230 1.521 1 1 36301I 1 29300.402 1 273 1 34.6

24300
27801

1
22.61

0.05 t
1

27801
1 l4,8

14.5
1

0.05 1141 18.51 29.4 1 il.1 j

[ 4.06E+OJI  I.SOEtWj  4.29E91(  2.77E+Wl 4.60EoZI  1.65EtO1I  3.3lEtO31  J.WEa( 2.84EtO3~  1.94Et021  2.06EtOl{  3.2lEtOlI  1.30EtOI(  2,24EtOllz

?
n
b



TABLE C-40. MlLfI’ARY  HOSPfTAL
Rd4Sdb Data

AL AS B E CA CD CR FE HG MC NA NI PB V ZN
MH 1lSuB 719ol 3.18j 0.561  I 29oool 0.0455 I 23.1 I 408ot 0.05 I 42001 2601 z!Ll I 38.5 1 21.71 40.9

hDl COhiPOS 5730 1 2.851 0.5331 mml 0.0259~ 19.41 UMOI OAXI 2890) I2L I 19.11 30.7 I 23.3) IS.7

MEAN 1 6.468+031  3.mEtoof  5.47E-olI  2JBEt011  3.57EM1  2.13EtOll 4.46Et031  5.OOE#~  3.55EtO31  1.91EtU21  23IEtOIl WSEtOll  2.25EtOIj  2.988+01[

Note - In he detection Limit enbred  for below &don limit umpler



.
TABLE C-41. U.S. EMBASSY, KUWAR
Rmnd4SdhData ?

K
AL As BE

EM loSUB 5490 1
CA

r.arj
CD CR

rt

0.7l8l
FE

I
HC

0.567I :iE1
0.091 I

MG
I

NA
E M COMPOST 5930 1 i.441 24.8

1
39401

NI PB Y
0.05

o*osi
I

25.5 1 41#( I
3980 1 9741
4l6ol

33.6 I 76.8
0.05 6861 34.21

1 16.5 1
62.6 1 17.61

MEAN 1 JJtEt031  l.SE+OOl  6.43E-olj  I.‘LIE+OS( 7.tOE-03)  2,52E+Ol(  I.OSE+fB)  S,C@E42/  4.#E+tJ3~ 8.3OE+tX]  3,39B+03]  &!37B+OI  1 1.71E+OI(  5.PLE+OI] %IP.

Note  - Ifi  the detection limit catered for below detection limit umpiu z



I TABLE C-42. CAMP TIWNDEROCK
Ro1mt4SdlsDalr

AL AS BE CA CD CR m HG MC NA
1

NI PB V
CT

EN
5960 3.44 i 0.674 1 0.037 23.2 0.05 4480cr 1mJB 5720 I 155OMt  1I I1 113mI 3510{ I 1 I62001 1 30.1 I 53.2 1 20.2 1 30.93.11 0.67

0.0’36 26.9
1 40501

0.05
I 40801

2750
1

34.6 1 56.6 1 22.2 1 27.5

MEAN 1 5.84E+O3t  3.218+001  6a72E-011  lm46E+O5/  3.65EMI 2.JIEtOt 1 3.788+031  S.ODEol1  4.288+03  1 9.48EttnI  3.24EtOl1  SA9EtOI  1 2.12EtOII  2,92E+OlI

Note - I/2 the detection limit entered for below deteclion  limit runplu



TABLE.  C-43. AL AHMADI  IIOSPmAL
Rou1~l4SdfiD~

AH 12suB
AH coIb@os

MEAN

AL As BE CA CD
loo5Ol

CR3.781 FE
72601

0.7651 IIG MC NA NI PB V ZN

1.7)
433001

0.609I nml
O.Ml 1 36.31 66lOl 0.05

1 261
I

s19ol
6sf4ol 40310.035

1 46401
4321

4771
62.81 31.51 49.3

0.05 32.91 s2l 24.71 33.5

[ 8.66EtO31  2.74E+Mi 6.87E-01~  3.77Eto11  4.8OE-02l  3,lZEtOII S.sOEt(n] 5.OOE-U2I  5.6lEtCl3I 4.4OE+Cnl  3.8lEtOlI 5,74EtO]l 2,8]E+OfI  4,l4EtOl)

Note - If2 tho dckction limit entered  for h&w dcttction  limit wmplu



,� l -e

TABLE C-44. KHOBAR  TOWERS
Round  4 Sdla Data - Dopab ProBe

DA11 O-6”
DA11  6-12
DAll l-2’
DAI  12-3’

AL As BE CA CD CR FE HG MC NA Nl PB V ZN
3690 I.13 0.505 65700 0.0512 18.6 2720 0.05 4530 I%? 20 37.5 13.7 19.8
3560 1.4s 0.457 51900 0.03oZ 18.68 2630 0.05 3750 268 19.2 32.8 12.9 17
3030 I.12 0.408 JIOOD 0.01275 17.3 2250 0.05 3260 249 16.8 30.6 11.3 15.4
4t90 I.18 0.503 53300 0.0307 20.9 2900 O.OS 4160 3M 20.2 34.9 14.1 1U.l

Nots - IL2 lb detection limit cnterd for  Mow detection limit wmplu



ryl4W'
AJ146-If"
h1141-2'
N142-3'

I

J
3

AL
3140
2680
I530
2080

A!4 BE CA CD CR Flz HG MC NA NI PB V ZN
0.92 0.606 43400 0.0357 IfA 2780 0.05 4070 178 19.1 33.8 13.3 26.8 :
0.98 OJI 36500 0.0678 16.1 2450 0.05 2960 193 16 27.3 11.4 16.9 p
0.85 0.4s9 268w 0.035 10.1 1390 0.05 2060 185 10.9 19.5 7.04
0.89 0.503 36700 0.01255 12.3 I810 0.05 2310 260 14 23.3 8.89

2

Nolo  - Ifi the detection timit  entered for below detection limit  mn~b.a
rD



TABLE C-46. MUmARY  HOSPCTAL
Rd 4 sdlr Data - Depth Profile

MN11 0-P
hoi11 612
Mm1 l-2
hllill 2-3’

AL AS BE CA CD CR FE HC MC NA NI PB V ZN
3820 2.9 0.457 19100 0.025 13.3 2860 0.05 2350 731 13.4 23.1 18.8 13.8 ?-
38SO 2.7 0.503 I 8700 0.029 13.7 2930 0.05 2190 126 14.4 24 19.3 13.9 w
5380 3.62 0.553 22700 0.025 I IO.1 3950 0.05 3o!M 350 20 29 22.6 17.2
5260 3.14 0.515 22400 0.047 16.7 3760 0.0s 3010 285 17.2 30.1 21.3 IS.6 ;

Note - I/2 Ihe ddection  limit  enter4 for below dttccdon  limit runplcr



$.
TABLE C-47. CAMP FREEDOM
Rouml4GllsData-DeptbProllle

CPll W”
CFll l-2’

CFll Z-3’

_ AL .As BE
5960

CA
E.

I.17 CD0.556 CR FE HG MC NA Ni
l-t

3600
44loO 0.05l 24.7 4620

0.06
PB V ZN41600.816

0.4044oM) 25800
I81 32,3 43-JI .Ol 0.0250.4w 17.934m 3190 2730 18.60.05 0.0517.2

2990 126
0.0s

22.6 258
2560

29.2
E

18.6 p
107

12.7

WC - In Lt &C&UI limit ~ntcred  for below chctioa  limit  runptcr
23.7 28 12.6 15.2 q

r*



TABLE C-4%  U.S. EMBASSY, KUWAIi’
Ram4 4 Sdls  Dmtm - Depth Profile

EM13 tW”
EM13 6-12”
EM13 1-Z’
EM13  2-3’

AL As BE CA CD CR FE UC MC NA N1 PB V ZN 07760 I .65 0.612 69900 0.067 30.6 5370 0.05 4780 440 39.4 66.7 21.3 64.8 r-
5340 1.85 0.57 95300 0.0X? 23.8 3710 0.05 3820 663 30.1 53.5 16.6 44.1 *
4320 0.725 0.556 141aM 0.088 20.3 2740 0.05 3380 IOZO 25.7 52.6 14 31.8
2460 2.18 0.515 160000 0.0461 15.3 1540 0.05 2230 1190 19.6 45.5 10 22.5 7

H
ti

Note - la the detection  limit entered for below dtkction  limit mmpla

E



2
TABLE C-49. CAMP THUNDEROCK

3Ram4 4 sdls Dnta  - Depth hofile r*
rt

AL AS BE CA CD CR FE HG MC NA NI PB V ZN
CT1306~ 7840 3.32 0.838 133Mm 0.0307 34 5350 0.05 M30 8860 45 60 28 36.4 :-

CT13 tbl2” 6790 3.2 0.755 l&liKm O.M7 32.9 5190 0.05 7050 5020 43 58.3 22.7 32.9- *
CT13 l-2’ 7450 2.81 0.671 62300 0.03 3408 mo 0.05 7150 3890 42.7 54.6 22.3 31.9
CT13 2-3’ 7770 2.47 0.663 39308 0.051 33,9 5840 o.ou7 6460 1840 42.2 46 22.2 28.7 z

Nob - It2 Ihe Lkction  limit cnkrd for below Lkction  limit  urnpier

w
w
F



TABLE C-50. JWOBAR  TOWERS

DA-1A
DA-1B
DA-U
DA-2B
DAdA
DA-30
DA4A
DA48
DA-SA
DA-6%
DAM
DA2-C
DA%C
DAI-C
DAS-C

MEAN - 2.2QE+03  1.3lEtOO 2.5tE-01 8.18EtO4 2.13E+OO l.BlE+Ol 2.82E+03 2.Q5E-02 9,61E+03 2.8tEt03 l.Q8E+Ol 8.28E+OO 8.90E+OO 2.68E+Ol,
STD . &15EtO2 4.49E.01 1.48E-01 4.78Et04 9.51E-01  138E+Ol l.l7E+03 2.05E-02 5.0lEt03 4,32E+03 7.8QE+OO 3.84E+OO 4.33E+OO l.l2E+Ol

Qs%ucc . 2.57E+O3 l$lEtOO 3.18E-01 l.O3E+05 2.58EtOO 2,23E+Ol 3.38E+03 3.88E-02 l.l8E+04 4.57E+03 2.33EtOl l.OOE+Ol l.OQE+Ol 3.09E+Olc

Note: i/2 the detectIon Ilmltuasd forbatowdetodlon  llmltremple~.



TABLE C-H. CAMP 1
Mb Dala

W-lA
W-1B

::g
Al-3A
W-38
AMA
AJJB

" Al-S&
I W-69
4

31 M E A N l,B8E+Q3 9.04E-01 9.72E-01 4.28E+M l.bSE+OO  1,2BE+Ol 2.70E+03 2.12E-02 8.97E+03 2.06E+03j 1.25E+Ol 1.63EtOl 9.40E+OO 2.22E+01
STD 5.91E+02 6.32E-01 6.7OE-01 1.58E+04 2.64E+OO 5.4OEtO0 7.OQEtO2 8.2OE-03 3.33Et03 3.45Et031 S.83EtO0 8.3OE+OO 4.82EtOO t.20EtOl

OS%UCL 2.32Et03 1.27EtOO 1.37EtOO 6.17EtO4 3.88EtOO 1.6lEtOI 3.11Et03 2.48E-02 8.9OEt03 4.08Et031 158EtOl 2.18EtOl 1.22EtOl 2.82Et01A



TABLE C-52. ESKAN  VILLAGE .
solh Daln

R-1A
R-1B
R-2A
R-28
R-3A
R-38
R-4A
R-48
R-5A
R-58

-J MEAN _ 3.23EtO3 2.24EtO0 S.BBE-01 1.29Et05 2.2BEtOO 159EtOl 4.75E+03 2.25E-02 3.06Et03 2.97Et03  I.MEtOl 9.3OEtW 1.66EtOl
STD 5.17Et02 5.51E-01 1.26E-01  3.46Et04 5.66E-01 3.5OEtOO 6.55E+02 1.45E-02 4.OOEt02 2.16Et03 4.08EtOO 4.04EtOO 1.4OEtOO

06% UCL 3.53Et03 2,56EtOO 8.5OE-01 1.48Et05 2.81EtOO 1.8OEtOl 5.13Et03 3.00E-02 3.35Et03 4.12Et03 1.89EtOl 1.23EtOl 1.77EtOl

Note: t/2 the detectlon  llmlt anbred for batow dotoctlon  Ilml ~?~plea.



TABLE C-53. KKMC
sdt5  DoI8

KK-1A
KK-IB
KK-2A
KK-2B
KK-JA
KK-3B
KM4
KK-QB
KK-SA

‘;I KK-SB

AS BE CA CD CR FE NG MC NA Nl PB V ZN

4
m MEAN 5.62EtO3  2.7OE+lM 8.34E-01  8.4OE-W  3.2lE+Ni 2.29EtOl  7.35EtO3 3.22E-02  6.35Et03 3.578+02  2.62EtOl  1.lOE+Ot  2.21EtOl  2.67EtOI

STD 2.54Et03  l.%E+OO  4.07E-01  2.42EtOQ  1.24Et00 8.478+00  3.28E+03 t.60E-01  t.92Et03  3.45EtU.Z  1.35E+Ol I.%EtOI 6.%E+W 3.4OEtOI
$

95% U C L  ~ 7.09EtO3  3.328+00  1.07Et00  9.8OE+O4  3.938+00  2.78EtOi  9.26EtO3  4.14E-0a  7.468+03  5.57E+M  3.4lE+Ot  2.23EtOl  2.61E+Ol  4.64E+Ot.A
m

NWfE: lnlhe dele&nIladtenlertd  for bebwdtlcetbnllmit~mph.



TABLE C-54. MILITARY 110SP1TAlJCAM.P FREEDOM
SOILS lb&

MH-1A
Hi-18
MH-2A
MH-2B
MHdA
MH-38
Ml-t-l-C
MH-2-C

n MH-3-C
I CF-1A
-4
w W-18

CF-2A
CF-2B
CF3A
CF.38
CF4A
CNB
CF-IA
CF.58
CF-SA

MEAN 4.26EtO3  3.11EtOO  1.25EtOO 3.50Et04 2.87EtOO 2.62EtOl 5.23Et03 2.50EtOO 5,20E+03 2.07E*02 2.02E+Ol 2.14E+Ol ?.83E+Ol 9.36E+Ol.
ST0 1.32Et03 4.20EtOO 3.41EtOO 1.04EtO4 7.1OEtOO 1.5OEtOl 2.20Et03 1 .lOE+Ol 1.86E+O3 1.27Et02 1.51 Et01 5.6OEtOl &42E+OO 2.88E+02

gS%UCL ' 4.77Et03 4.73EtOO 2.57EtOO 3.OOEt04 5.65EtOO 3.24EtOl 8,09Et03 6.77EtOO 585Et03 2.56Et02 3.51EtOt 4.33EtOl 2.04EtOl 1.07Et02

Nolo: 112 the detectlon  tlml entered for below detection llmlt 8emple8.



TABLE C-5$ U.S. EMBASSY, KUWAIT
Kuwait  Sob Data

EM-l&
I EM-1  B

EM-U
EM-2B
EM-S&
EM-38
EM-4A
EM-4B

‘: MEAN
BTD

4.58E+03 1.5OE+OO S.lOE-01 S.BlEtO4 2.32E+OO 3.23E*Ol 5.41Et03 2.87E-62 8.935+03 8.03Et02 3.02EtOli 2.SSEtOl 1.75E+Ol 8.27EtO1 5
l.lOEt03 5.OOE-01 3.54E-01 1.53Et04 6.62E-01 3.35EtOl 1.5SEt03 l.lOE-02 8.25Et02 4.31Et02 1.41EtOlf 81OEtOO 4lOE+OO 307E+Ol l

g 8S%UCL 5.31E+03 2.15EtOO 7.47E-01 9.84EtO4  2.77E+00 5.47E*Ol 8.45E+O3 3.71E-62 7,4SE+03 1.18E+03  3.876+01(  3:lOEtOl 2:03E+Ol  8:33E+Ol w
10

Note:1/2thr  dotectlontlmlf  l nlendlorbdowdatolonllmlt~~mple~.



TABLE C-56. CAMP TAUNDEROCK
sotts D8c

CT-l&
CT-18
CT-U
CT-2B
CT-M
CT-M
CT-M
CT-48
CT-W
CT-SB
CT-l-C
CT-2-C
CT-&C
CT-2-C

MEAN
STD

4,12E+03 2.89E+OO 4.73E-Ot t.43E+05 2.20E+OO 4,74E+Ot 5.11Et03 2.18E-02 83tE+03 t.T3E+04 3.85EtOl 3.91E+OO 2.42E+Ot 3.09EtOt
1.33Et03 B.!XiE-Oi t .64E-01 4,58E+O4 1.32EtOO 4.59EtO t 1.74E+03 B.l4E-03 4,88E+03 t .87E+04 2.33EtOt 2.24EtOO 7.11 Et00 t .QQE+O t

91% UCL ’ 4,75E+03 3,tOEtOO 5.50E-01 t.65Et05 2.83EtOO ‘6.@tE+Ol 5.94Ei03 2.80E-02 l.O6E+04 2.62Et04 4.Q5E+Ol 4.97EtOO 2.76EtOl 4.03E+Ot

Note: 112 the dot&Ion llmlt entered Ibr below detection Ilmlt aamph



AH-M
AH-18
AH-2A
AH-28
AH-3A
Ati-3B

AL AS BE CA C D C R FE HC3 MO NA NI PB V. ZN
e.
I-J

MEAN I 3.85EtO3  1.86EtOO 5.45E-01 3.05E+O4  9,24E-01 2.05EtOl 5.53E+03 4.62E-02 6.36EtO3 1.48E+03 2.63EtOl 234E+Ol 2.14E+Ol 3.52E+Ot
-I STD 5.09EtO2 4.34E~Ol 2,02E-01 3.66Et03 5,44E-02 1.86EtOl 1.73EtO3 2.26E-02 7,37E+O2 O.O9E+02 7.72EtOO l.BSE+Ol 5.67E+OO 2.40E+Ol 2
I 95% UCL 4.26E+O3 2.22E+OO 7.77E-01 3.37EtO4 BBQE-01 3.41E+Ol 6.95E+03 &47E-02 &08E+O3 2.23EtO3 3.27EtOl 3.70E*Ol 2.61E+Ol 5.49E+Ol l

D

Note:112 the detectIon llmltontw~d  forbdowdatodton llmltykploo.



Final Rpt, Kuwait oil Fire HRA No. 39-26L192-91,5 May - 3 Dee 91

rounds 1 and 2. The one possible exception is the lead data that seems to have increased at
almost all the sites. This finding mirrors the air data, and may be reflective of an increase in
vehicular traffic and subsequent emissions of lead. The depth profiles from all the sites for
all the metals are also very similar with increasing depth. This  may indicate some stability
of pollutants over time, with incrwsing dqths king repatative  of older material.

(4) To help mlve the chromium species issues and more clearly &tie the health
risk associated with Chromium, during the Mum trip soil samples collected during the return
trip were from the same sites where they had beea collected in 1991, with the exception of
KKMC. The soil samples were analyzed in the field using a Hach Hexavalent Chromium
Field Test Kit (see +Appendix  E, Annex E-20, for details of the methtiology, QAQC method
validation studies,  and analytid  results). The field analysis was necessary to overcome the
short analytical holding time for Cr+6 that prevented it’s analysis during the first trip.
Seventy-six soil samples were analyzed in the field for Crf6 with a detection limit of
100 parts per billion (ppb). All sample results were below the 100 ppb detection limit.

b. otpanic Rest@ The soil samples analysis for semi-volatile organics revealed the
presence of very few target compounds. On those mre -ions when detections of target
anal* occurred they were usually phtbalates [i.e., bii (2ethylhex.l~)  phthalate or di-n-octyl
phthalate], which are common laboratory contaminants; they were also usually found in the
method blanks. There were considerable detections of tentatively identified compounds
WCs). The most common of these (1,ldimethylethylhy~xido  aud 3-hexene-2,5-
dione)  were also de&c&l in the method blanks and were attributed to residues of solvents
and solvent pmves used in the extra&on procedure. Various types of hymn
TICS were detect& (i.e., -1 hywns, alkanes,  tixylic acids, and phthalates).
These hyun TCCs  (straight and branched&ain),  with concenhations ranging from ppb
to tens of parts per million @pm),  were probably derived from mleum (i.e., burning
and/or gushing. oil and industrial activities). There was one detection of 2-methyl-1,3,5-
txiniB&enzene  in a sample at the U.S. Emmy in Kuwait City at an estimated
concentmtion of 4 ppm.
site or at any other site.

This compound was not found during soil sampling round 2 at this
Because  there were Grtually no detections  of target semivolatile

analytes in soil, and those detect4  were also found in the method blank and/or were
common lalmatory  eontamiaants, there were no organics in soil to select as contaminants of
co-. This situation is nottodly surprising co&king the harsh environmental
condi@ons  in the region for organic chemid  survival. The high temperature, particularly on
the desert floor, and the high level of ulttaviolet radiation will contribute to the breakdown of
semi-volatile organic cwrpwnds. In addition, from the low levels of these compounds
detect& in the air sampling [i.e., nanograms (lE-9) per cubic meter of air), one would not
expxt to find any appreciable levels of semivolatile organics in the soil. other contributing
factors to the absence of these compounds in the soil environment are the high winds and
loose soil matrix which causes the dispersion and dilution of these potentially labile
chemicals, and the lack of adequate adsorption/absorption sites on sand particles. The soil
SampkS from round 3 reflected the results from rounds 1 and 2. For this mn, the soil
samples collected during the return trip (round 4) were not analyzed  for semivolatile
organics.
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Firtal  Rpt, Kuwait Oil Fire BRA No. 39-26L192-91,5  May - 3 Dee 91

5. CONCLUSIONS.

a. There is no consistent increase in soil metals concentrations between sampling rounds
at the monitoring sites in Kuwait and Saudi Arabia.

b. The few in- in metals concentmtions that occunred  were mainly for metals not
associated with Kuwait crude oil and are therefore probably m Gre related, but of natural or
Bnthropgenicbackgrotmd.

c. There were very few semivolatile target analytes M in soil samples at the
monitotig  sites in Kuwait and Saudi Ambia. When m occurred  they were related to
common laboratory contaminants and usually were also present in the laboratory method
bhutks.

d. There were considerable detections of TICS, but the most common of these were also
associated with the m&xl blank and attributed to solvent residues.  There were some
hydrocarbon TICS detect& at the monitoring sites that could be aariked to the oil fires
and/or industrial activities.

f. T‘heru  were no detections of Cr+6 in 76 soil sampk aualyzd in the field, using a
Hach Hexavalent  Chromium Field Test Kit, with a detection limit of 100 ppb.

g. There were no appurent increases in metals levels with incmsing depth, fmm soil
borings conducted in Kuwait and Saudi Arabia;

e75i-h
HELLER  Ph.D.

Mastercofldmm
Envirollmefltal~
Waste Dkpd Enghming  Division

APPROVED:

TEIURP.  LEE

Chief, Health Risk Assessment Branch
Waste Disposal Engineering Division
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-DEPARTMENT  OF THE ARMY
U. 5. ARMY .ENVIRONYENfAL  HYGIENE AGENCY
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PROTOCOL
HEALTH RISK ASSESSMENT STUDY NO. 39-22-L192-93

SOIL SAMPLING IN KUWAIT AND SAUDI ARABIA
FOR DETERMINATION OF SPECIES OF CHROMIUM

15-30 SEPTEMBER 1993

1. PURPOSE. As part of a multimedia environmental sampling

effort to assess the health risk from oil fires to U.S. troops

involved in Operation Desert Storm soil samples were collected to

determine the risk from-the dermal and ingestion routes of

exposure. To further define the potential carcinogenic risk and

remove uncertainty the species of chromium (i.e., trivalent or

hexavalent) in the soil will be determined.

2. GENERAL.

a. BackerTound.

(1) In response to concerns for the health of the troops

exposed to smoke and residues from the burning oil wells in

Kuwait the U.S. Army Surgeon General, as lead for the Tri-Service

working group, has tasked the U.S. Army Environmental Hygiene

Agency (USAEKA) to perform a health risk assessment on the impact

of the oil well fires on DOD troops.

(2) To continue meeting this objective the following

protocol is presented that will describe the methodology for
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collecting soil samples that'will be used to refine the dermal

and ingestion routes of exposure to chromium in the health risk

assessment. The data obtained from the soil qling effort will

be combined with the air monitoring data to perform a final

comprehensive health risk assessment that will evaluate all

pathways/routes  of exposure.

b. Exr,.osed The teams mandate is to assess the

exposure and subsequent risk to DOD troops  and civilians.

Therefore our sampling will continue to be concentrated at

locations where troops were stationed. Sampling locations will

therefore duplicate the sites that were saqled during the first

trip. a

c. contaminants of Concern, Soil samples are being

collected to refine the exposure to and potential health risk

from chromium (trivalent and hexavalent), Therefore sampling

will be concentrated on this particular contaninant, Although

chromium is the primary focus of this trip, a portion (5 from

each site) of the samples will also be analyzed for the same

suite of metals as the first trip (see Table l), This will serve

as an indicator of the current level of soil metals now that the

region is functioning in a normal mode.

C-86



Protocol, Health Risk Assessment Study No. 39-22-L192, 15-30 Sep 93

TABLE 1, METALS ANALYSIS FOR SOIL SAMPLES

METAL LIMIT OF QUANTITATION (mg/kg)

Aluminum 50.0
Arsenic
Beryllium
Calcium
cadmium
Iron
Mercury
Magnesium
Sodium
Nickel
Lead
Vanadium
Zinc

0.2
0.2

10.0
2.0

10.0
0.04

50.0
20.0
10.0
0.2

10.0
4.0

d. Ane. Samples collected in the field will

be analyzed in the field using a Hach Kit designed for hexavalent

chromium in soil. Analysis is being conducted in the field due

to the instability of hexavalent chromium in the environment and

its short holding time (i.e., 24 hours in water). Split samples

will be returned to USAEHA for laboratory analysis of total

chromium, with subsequent determination of trivalent chromium by

the difference between total chromium and hexavalent chromium.

In addition, a portion of the samples from each site will be

analyzed for the same suite of metals as was done for the samples

from the first trip.

3. SAMPLING CONCEPT. The following describes the approach that

will be used to conduct the soil sampling:

a. Samulinq. At each troop concentration area where samples

were previously collected 15 to 25 new soil samples will be
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collected. They will be discrete surface samples collected from

the 100 yard by 100 yard subsites where samples were collected

during the first trip. Discrete samples will be collected, as

compared to composites for the first phases of sampling, because

mixing subsamples to form composites might alter the chromium

constituents of the sample thou oxidation. This method of

collection will give a good representation of the contaminants

the troops were exposed to during their stay at each site.

Surface soil samples represent what troops  would be exposed to by

the dermal and ingestion routes better than core samples. The

depth of sampling is best determined in theater on a site by site

basis. This will be dependant on how hard the soil matrix is at

each site. If the soil is very hard and compact the troops would

only be exposed to the top 1 or 2 centimeters, depending of

course on what task the soldier was performing. However, if the

soil is very soft and sandy the depth of exposure would be much

greater (i.e., 2 to 4 inches or more). Therefore, sampling depth

will be determined on a site by site basis following observation

of the soil matrix by the sampling team. Some tiification of

the above sampling procedures may have to be implemented on a

site by site basis depending on existing conditions. These

changes will all be noted and explained in a sample log book. In

addition to the surface samples, three 4 to 5 foot soil/sand

borings will be conducted at each site. These borings will give

a representation of the historical pattern of metals deposition
0
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at each site. Each boring will be analyzed at one foot

intervals, except for the top foot that will be analyzed at six

inch intemals.

b. Samrrle Collection Methodolouv. Once the soil collection

parameters have been determined for the specific site (i.e.,

sample depth and number of samples per site) the 15 to 25 surface

sample and 3 boring locations will be selected. These sample

locations will be within the previously selected 100 yard by 100

yard locations within the troop areas. Samples will be collected

in pre-cleaned 16 ounce bottles with Teflon lined lids. Samples

will be collected with disposable plastic scoops and/or spatulas

to avoid metal contamination from the sampling equipment and

cross contamination between sampling sites. Location of surface

samples and borings within the sample site will be selected at

random. Samp1.e bottles will be labeled with pertinent

information (i.e., identification number, sample type, date and

time, location, name of collector) and placed in ice chests for

shipment to the laboratory. At the same time the glass bottle is

being filled for laboratory analysis, a plastic bag will be

filled with sand/soil from the exact same sample location for

field chromium analysis.

C . SamDlina Locations. Locations selected for sampling were

based on their proximity to where large concentrations of U.S.

troops and DOD civilians were located for extended periods of
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time during and after the war [Figures 1 and 2 (see Appendix A)

an Table 23. The only exception to this was the Ahmadi Hospital

site that was selected due to it's close proximity to the fires

(less than 400 meters) and it's use by other agencies including

the EPA, Harvard School of public Health and the Kuwait

Environmental Protection Division. This site can be used to

compare near-source soil data with that collected from sites at

varying distances from the fires. In addition tb sites selected

for sampling, Table 2 also contains sample locations within each

site. Figures 3 through 12 (see Appendix) show the locations of

the individual sample sites within the larger sampling locations.

TABLE 2. SmQ!#RY OF FBOJECT SAMFLIHG LOCATIONS

Sample sita
bcation Slmpling sub-site

Ktiobar  Towers 1. 600 yards southwest of maln gate
Al mlobar. SA 2. Horth tad of soccer field west of Bldg. 414

3. Parking area closest to southwest gate (due west of
Bldg. 305)

4. Due west of Bldg. 133, southeast of rear gate
5. Arouad Bldg. 207

C-P 1 1. camp -cmd Post (Office 1 ccqlex)
Al Jubayl, SA 2. Around Wasterater  Trsamant Plant, east corner of camp

3. Around transformers near Bldg. 910 A, on southeast side
of camp

4. Volleyball court area, south corner of camp
5. Recreation Center 3 around Bldg. 912 A
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TABLE 2. SUMMARY OF PROJECT SAMPLING Ix)CATIOKS (CONTINUED)

Sample Site
location Sampling sub-site

Eskan Village 1.
Riyadh. SA 2.

3.
4.
5.

WC Iaboratoxy 1.
SA 2.

3.
4.

5.

camp Freedom 1.
mvait 2.

3.
4.
5.

Hilitary
Hospital
Kuvait

1.

2.
3.

Camp Thvadttock  1.
Doha. Kuvait

2.

3.

4.

5.

m side. Bldg. BS-09, physical training area
AP side, median strip across from (w side)

Bldgs. 432 and 433
AP side, median and sidevalk strip opposite Bldg. 425
Amy side Vadi, near C Street gate
AP side, play area by Villa 2-16

Field vest of PM laboratory trailer (Padgett Laboratory)
Hardball intersection near Hotel Panza
POMCDS site at King lUaalid Military City
2nd AD (P), 2nd ACR, site near 22nd SUP COH Support

Center
East of caterer site for 3rd AD BIVOUAC, near KKK

Southvest side of camp, across from helipad
South side of camp, near outside vail
Due south of mospw
Strip south of Bldg. FlOO6
Strip south of Bldg. 2008

East of hospital, vest of temporarg helipad, almost
directly betveen hospital and helipad

Southeast of mosque
South and east of ptzmanent helipad, on vest side of
hospital

Hear road to tnttrtaixment city, tast of camp. directly
vest of road, in line with south perimeter of camp

Directly east of csmp, batrretn  camp and CT-U/la
sampling location, in lint vith south perimeter of camp

East of camp, vest of road to entertainment city, in line
vith north ptrhtttr of camp

In line with old recreation area, nov no mans land due
to em0 storage explosion

In line vith old recreation irea, nov no mans land due
to ammo storage explosion

See footnotes on page 8.
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TABLE 2. SIRMAICY OF PROJECT SAMPLIHG LOCATIOftS (COHTIEXIKD)

SaBplt site
Lacation Sampling Sub-Site

U.S. Embassy 1. Beortta  volleyball court and ~1 building
K.C.. Kuwait 2. Between volleyball court, playground equipment, and

camp perimeter
3. Behind guard house, b&men guard house and Arabian

Gulf St.
4. Behind bbassadors House, between house and camp

perimeter

Al Ahmadi 1. North of parking area
Hospital 2. Vest of parking area
Kuwait 3. Kast of parking area

SA - sludi&abia.
KKMC - King Khalid Military City.
K.C. - Kuvait City.

ld. wltv AssurancefQualitv Control fQA/Oc). QA/Qc

measures for sampling and analysis must be followed to support

any conclusions regarding risk drawn from this study. The

following standard QA/QC procedures will be implemented

throughout this study; chain of custody, spiked samples in the

laboratory, duplicate samples (10 percent), split samples

(5 percent), sample collection information (see paragraph c.

above),' sample preservation (cooling to 4 degrees C), and holding

time (6 months for total metals, except for hexavalent chromium

which will be analyzed in the field).
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4. The point of contact for this information is Dr. Jack M. Heller, Waste Disposal
Engineering Division, DSN 584-3651 or commercial (301) 671-4651.  Additional information
may be directed to MAJ William E. Izgg, Chief, Health Risk Assessment Branch, at DSN
584-2953 or commercial (410) 671-2953.

‘eF-7. $&L..L
(CK M. HEUEE!,  Ph.D.

Master Consultant
Hdth Risk Assessment Branch
Waste Dispal Eugineetig Division

APPROVED:

@Qc&f@MAJ,Ms  *
Kuwait Task Force l&der
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APPENDIX A

SAMPLING LOCATION MAPS
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APPENDIX D
INDUSTRIALHYGIENE  AIR SAh4HJNG

1. INTRODUCTION.

a. The Office of The Surgeon General  tasked a team of industkl  hygienists to monitor
and characterize cmupalional  expsures to DOD setice  memkrs who had potential high
risk exposure to the Kuwait oil Exe emissions. This threeman industrial hygiene team
supplemented the larger U.S. Army Environmental Hygiene Agency (USAEHA) assessment
tam who monitored the general ambient air B

b. The team, who ente& Saudi Arabia on 3 May 1991 and departed on 17 June 1991,
conducted industrial hygiene air sampling at vaxious locations within Kuwait and Saudi
Arabia.

c. The focus of the sampling was on ark where DOD service members were working
outdoors and on worst- situations within the oil fields  next to Kuwait City.

2. REFERENCES.

a Threshold Lh& Values and Biological msu~ Indices with Intended Changes for
1990-91, ACGIH,  Cincinnati, Ohio.

b. USAEKA  Technical Guide 141, December 1990, m Hygiene Ai.r Sampling  and
Bulk Sampling Instructions.

3. OCCUPATIONAL SITUATION.

a. At the time of this assessment most DOD service  members were preparing to move
themselves and their equipment out of the theater of operations.



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5  May - 3 Dee 91

(1) In Sq.tdi  Arabia much of the work activity centered around the port cities of
Dammam and Jubayl. Large numbers of troops were moved into KIMbar  Towers, Saudi
Arabia, to outp~ and prepare for redeployment.

(2) Approximately 2,000 soldiers were left in Kuwait City. While the industrial
hygiene team was in Kuwait City, the bulk of these U.S. forces were consoIidated and
moved to an industrial site (Doha)  northwest of Kuwait City muned  Gmp Thunderock.

b. The DOD personnel at gneatest  risk to oil fire emission exposures were those people
whose jobs required them to remain outdoors. This meant our team was interested in
sampling personnel performing various security duties and preparing equipment for shipment.
The industrial hygiene twm also arranged to mple locations within tl~ oiI fields to provide
a worst-case exposure situation.

4. OIL FlEm KJwIRol!mmNr.

a. Our team sampled the air at locations within the oil fields south of Kuwait City, and
these sample  serve as worst- case examples.

b. Atthetimeofthis assessment, DOD personnel were nat working or living within the
.I oil fields. The wobrs in the oil fields were employees of varicms oil well fire fighting

companies, the Bectel Corporation, and the Kuwait Oil Company.

c. Traveling and sampling within the oil fields was dangerous due to a combination of oil
well fms, lakes of crude oil, unexploded ordnance, and the lack of a ceatral  control. The
industrial hygiene team was able to conduct general illz#  and eg zone sampling within
this environment because of the coopemtion of the Bectel Co- and the Kuwait OiI
Company.

d. Theairsamplesf?omthisenvironm ent serve as examples of- exposures
soldiers may have experienced while maneuvering and fighting near oil well fires.

5. SAMPLING METHODOLOGY.

a. Table D-l contains a description of the contaminants sampled and the air sampling
methods used by the team.

D-2
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TABLE D-l. INDUSTRIAL HYGIENE SAMPLING

Contaminant Media/Method

Total Particulate Prcwcighed PVC

FLOW Rate
L/Win

l-2

VOlumz
(I I

400-1000

Standard-ACGIH
tm/m'

10

Rcspirablc  Particulate

Oxides of Nitrogen

Oxides of Sulfur

Prewaighed  PVC with Cycl& 1.7 400-1000 Specific Conpo~.&

OrtmQ  76 T&E .oz--05 2-4 NO, 5-6

Orb 76 TIlk *02-*OS 2-12 so, 5.2

PAH Orb 43 Tti PTFE Prcfilter 2 200-100 16 Specific
ccirpounds

Coal Tar Pitch Volatiles' Fikrglass Filter 2 200-940 0.2

Hydroearbwrs Charcoal fuks erdOVM SO-500 255-40 Xylme 434
Benzene 32
foluene  377

VanwiiraPentoxick CE Filter 1-2 25-40 0.05

Sulfuric Acid Orbo53Tlk 200-500 24-48, 1

Nitric Acid 0*S31* 200-500 24-U 5.2

(1) Sampling methods and procedures are detailed in USAEEIA  Technical Guide 141.
Our team used direct reading instruments to screen potential sampling sites. Those
instruments included a respirable particulate sampler (I”@ respirable aerosol mass monitor),
a carbon monoxide sampler (Enerafl pocket 60 monitor), and a hydrogen sulfide sampler
(Gastech*  GX4000).

(2) Car&r monoxide meaSurementS  indicated spikes up to 4 parts par million in
some oil fire plumes. Air samples outside the plumes were negative for carixa monoxide.
All hydrogen sulfide results were negative. The r&-time respixable  pqticulate  monitor
recorded results from 0.18 milligrams per cubic meter (mg/rr?)  to 0.63 mg/m3 within the
Kuwait City m, and these results agreed with the gravirnetric results.

a Orb0 is a registered trademark of Supelco Co., Inc., East Bellefonte,  Pennsylvania.
a TSI is a registered trademark of TherrnoSystems,  Inc., St. Paul, Minnesota.
@ Enexac  is a registered trademark of Energy Efficiency Systems, Inc., Bethpage, New York.
@ Gastech  is a registered trademark of Gastech,  Inc., Newark, California.
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b. Table D-2 and Table D-3 list the sampling lochons in Saudi Arabia  and Kuwait,
reqxtively,  and the operation performed at the time of sampling. The sampling point
location number will be used to relate location and results in maps, charts, and tables.

TABLE D2. SAUDI ARABIA SAMPLE SITES

S-l
s-2
s-3
S-4
S-5
S-6
s-7
S-8

Khobk Towers, Balcony 207
Khobar Towers, Main Gate
Khobar Towers, Roof 305
Khobar Towers, bf 207
Northwest Jubayl Near ASP1
Dammanpoa~
Northwest Jubay1826 Ordnance
Jubayl Port Area

Residential
Guards
Guards
Residential
Supply Poiuts
l5ylipmultHalldling
Ammnnition hading
&gpmalt Handling

TABLE D-3. KUWm SAMPLE SI’IES

K-l
K-2
K-3-
K-4
K-5
K-6
K-7
K-8
K-9
K-10
K-11
K-12
K-13

Camp Freedom F1006
CampFreedomMainGate
EOD Safe Holding Arczt
U.S. Embassy
MilitaryHospitalRoof
Military Hospital Gate
Al Ahmadi Hospital Rxsf
Doha Camp Thundexxck
Oil Field Gathering Center 1
Oil Field Gathexiug  Center 2
Al WafraRoadIntersection
Oil Field Gathering Center 11
Kuwait h OVM Monitor

Residential
Guards ,.
Ammunition Storage

Fxzld  Work
Field Work
Germalh
Field Work
General Area
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c. Figure ‘D-l and Figure D-2 depict the sampling locations in Saudi Arabia and Kuwait,
respectively. The Saudi Arabian sites were 300 miles away from the Kuwait oil well fhs.
Industrial hygiene sampling results from the Saudi Arabian sites will serve as the background
data for comparison to the sampling results from in and around Kuwait City.

6. SAMF’LtNG  REWLTS.

a. Tables D-4 and D-5 summariz the results of industrial hygiene air -pli.ng  in
Kuwait and Saudi Arabia. The tables list the average values in mg/m3 as pooled for Saudi
Arabia and Kuwait. Star&d deviations for the measured air contaminants are also listed.

TABLE DA. INDUSTRIAL HYGIENE RESULTS, AVERAGE VALUES mg/m3

.- .-.
Sample

Total Particulate
Resp. paaiculate
Coal Tar Pitch
Nitmgen Dioxi&
sulhr Dioxide
Nittic Acid
Sulfuric Acid

Kuwait

0.570.35 $2
0.06 (0:96)
1.65 (1-g
0.47 (0.m
0.05 (0-W
0.04 (0.01)

Saudi Arabia

0.59 (0.41)
0.46 (0.24)
0.10 (0-W
0.40 (0.24)
0.53 (0.65)
0.04 (0.05)
0.03 (0.01)

TABLE D-5. INDUSTRIAL HYGIENE RESULT, AVERAGE VALUES mg/m3

SamDle Kuwait Saudi Arabia

PAK BDL* BDL

Hydrocarbon
Benzene
Toluene
Xylene

0.04 (-01) 0.03* (0.03)
0.13 (0-W 0.08* (0.16)
0.37 (0.08) 0.11* (0-W

standard Devialions (0.xX)
* BDL - Below Detectable Limit
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(1) A high percentage of the samples were below dete&ble limits. The reported
detxtable limits were used to calculate the average results in those cases without a positive
result.

(2) The great majority of polycyclic aromatic hydrocarbons (PAH) were below
detectable limits in the samples from both Saudi Arabia and Kuwait. Naphthalene was the
only PAH reported at the de&table limit in three samples within Kuwait and one sample iu
Saudi Arabia.

(3) All the hydnxarbon  results in Saudi Arabia were below detectable limits while, in
the Kuwait hydrocarbon sampks, some  positive results were rqorted.

b. Table D-6 lists (by Julian date and location) the higti single values recorded for the
various parameters m-red during the assessment. The purpose of Table D-6 is to
compare these worst-case values to the threshold limit values (‘III@) set by the American
Conference of Govermnental Industrial Hygienists (ACGIH).

TABLE D-6. MAXIMUM SAMPLE RESULTS, DATA REEQRTED As mg/m3

SamDle #

152-05
152-06
134-24
134-24
155-01
152-19
137-13
13614
140122
157-06

s-07
S-07
K-01
K-01
K-07
S-07
K-05
K-01
K-09
K-09

Total Part.
Resp.  ml-t.
Benzene
Toluene
xy1ene
Coal Tar
NO2
So,
Nitric Acid
sulfuric

2.30
2.00
0.19
0.75
3.21
0.21
6.70
1.90
0.12
0.05

10
cs*
32

377
434
0.2
5.6
5.2
5.2
1.0

*CS - Comoound S~ecfic

c. The avenge results of the pooled Kuwait and Saudi Arabia data showed no
statistically sign&ant difference between the two general areas. The average results never
approached an occupational health standard.

0 TLV is a registered trademark of the ACGIH, Cincinnati, Ohio.
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7. CONCLUSIONS.

a. The industrial hygiene air sampling results showed no statistical  difference betwew
the outdoor occupational environment in Saudi Axabia  and Kuwait.

b. The oil well fks in and around Kuwait City did have a mmrable impact on the
occupational environment in specific circumstances, based on local weather conditions and
proximity to oil fire plumes. This impact was meafluable  by standard industrial hygiene air
sampling methods used in the ambient environment.

c. The magnitude of the exposures was low compared to recognized occupational health
standards. Adverse health effects would not be expected based on the assumptions inherent
in such standards.

d. The question of long-term health risk is best answered by the accompanying
comprehensive health risk assessment.

Chiei, Industrial Hygiene Division

D-9
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APPENDIX E

PHASE1
MEIBODO~IES,  ANALYI’ICAL  RESULTS AND QUm ASSURANCE

1. MEIZODOLOGY  USED FOR SAMPIXNG  AND ANALYSIS. The majority of the air
and soil sampling and analysa were performed  in acmmnce with established U.S.
Environmental Pmtection  Agency WA), National Institute for ocarpational  Safety and
Health (NIOSH),  or Ocapabd Safe@ and Health Arc - - . “on (OSHA)  guidelines.
There were also several prtmbes  used which followed me&c&logy  described in open
limame  pnblimicms or which were variations on star&rd pW. nlevaIious
anal- m~&logy and sampling media4sed  are tniefly  described
forallplWedmBarelktedintheAnnex.

below, and references

(1) Acid gases for inorgakc acids were wllected on OREO 53 silk gel tubes
(reference 1). Thex tubes were desorkl  with the same eluent solution (tinate/
b@rbonate) as used within the ion chromatogmphs (ICs)  used for analysis.
used anion

The IC systems
separators, guard columns, anion suppressor columns, and conductivity detectors

with data processing by integrator or computer.

(2) Acid gases for organic acids were i&ally  monitored using tinate-try&
ii&wick  tubes (ORB0 70) (reference 2). The bhs wexe  sampled in series with the
ORB0 53 tubes (as the back section). As the assessment pmgrewd,  it was discove& that
silica  gel tubes are effective for organic acids collection (refextx~~  3). Therefoq the ORB0
7Otubeswerediscwtirmedandonlysiticageltubeswereusedforallacids.  Theanalytkl
procedure used for inorganic acids was also used for organic acids.
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(3) Three types of passive dosimeters manufactured by OGAWA & Co., and used by
the EPA, were employed during this assessment to monitor criteria gaseous pollutants. The
ozone (reference 4) and sulfur dioxide (SQ) (reference 5) cl&meters were analyzed by ion
chromatography, after chemical dons of the analytes with the dosirneter filters, to
produce nitrate and sulfate ions, respectively. The analytU  system used was the same as
that described above for acid gases. The double filter dosim&.rs  for nitqen dioxide (NQ)
and nitrogen oxides (NOJ employ a classical Salkmann colo&ne&ic technique to measure
nit&e ion produced through chemical absorption and raction on the filters (reference 6).

(4) Extensive high volume filter sampling (reference 7) was conducted for a series of
6 metals, which was later expanded to 13. Collection was generally for a 24hour period at
approximately 1.5 l@ per minute. One-half of a sampled filter  was prepared for metals
analysis; acid digestion with nitric acid was used to put the metals  into solution. All metals
except arsenic were analyzed by inductivelycoupled plasma mhotometry (references 8
and 9); arsenic was analyzed by furnace atomic absorption (reference 10). Additionally, one
high volume filter was fluoride-pyrosulf&  fused and fluorome$tically  tested for uranium
content (reference 11). .

(5) High volume filters could not be employed for mercury npling, so collection
was done on mercury solid e tubes containing hydrar  (reference 12). The sampled
tubes were acid des&ed with a combination of nitric and hydr&lo& acids. Analysis was
performed by atomic absorption using the cold vapor and mercury hydride techniques.

(6) A number of high volume filters that had been sampled for metals analyses were
also tested for anion content (this was possible because only on&& filter is generally used
in metals analysis). The filters were desorbed with the IC elm buffer solution and
analyzed the same as acid gases (reference 1). The anions tested were nitrate, sulfate, and
chloride.

(7) Ambient air sampling for polynucl~  aromatic hymns (PAHs)  was done
several ways. A modified version of the -A Method TO13 pro&ure  which specifies the
use of polyuffthane foam (PUF) or XAD-2 resin cartsidges was used (reference 13).
The actual PUF cartridges employed were those man- for EPA Method TO10 (for
pesticides), but were virtn&ly i&n&l to the d&gn specified in EPA Method TO13. The
XAD-2 tubes initially used, however, were smaller in size than the -es specified in
EPA Method T013, and could not accommodate the large air sampling volumes  recom-
mended. Larger (EPA Method TO13 specified) cardridges were procu& and used during
the October-November timeframe. In order to look for very low levels of PAHs,  24hour
high volume filter samples were also collected (reference 14). All three media were Sohxlet-
exhacted  for 18 hours (PUFs with ethyl ether/hexane f7lters and XAB2 with methylene
chloride). The extraits were concenttated to one milliliter (mL). Filter extmcts had to be
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taken through a cleanup procedure by passing them through a silica gel column to separate
the PAH~ntaining aromatic fraction from the large amount of atiphatic  hydrocarbons
present. Sample extracts were analyzed by gas chromatography using flame ionization and
photoioniimtiw detectors, with mass w confirm&ions performed on approximately 25
pcent  of positive mples.

(8) Ambient air monitoring for volatile organic am@ was performed  with
Tenax adsorption cartridges (reference 15). These tiw were sampled two-in-series,
with the back cartridge serving as a check on sample brWk&rough. The analytical technique
consisted of thermal desorption of the tubes to *sit collected vapors onto a trapping
material. The hap was in turn thermally desorbed, and the vapors passed through a gas
chromatograph into a mass spectrometer. Seven target hyen analytes were
quantitated in all samples, and all samples  were screened for the presence of nontarget
analytes  as tentively identified compounds (IICs).

(1) Acid gases were sampled using silica gel tubes [see paragraph la(l)]. .

(2) Asbestos  ii&s were sampled on 25 millimeter (mm) cellulose ester membrane
filters with a conductive cowl on the cassettes. Counting was done with a phase contrast
microscope (reference 16). Bulk samples for asbestos qualitative identification were analyzed
using polar&d light microscopy (reference 17).

(3) Benzene, toluene, xylene, and light hydrocarbons were collected on standard
charcoal tubes (reference 18 and 19) and passive sampling  badges (reference 20) (3M@
Company 3520 Organic Vapor Monitors). Samples were desorbed with carbon disulfide and
analyzed using gas chromatography with flame ionization detection. Standards of benzene,
toluene, and xylene were used to quantify these com~ds and to txtinme the other
chromatogmphic peaks as “total hydrocarbons.”

(4) Coal tar pitch volatiles were meaflued  as the percent benzene soluble fraction of
the weight of material collected from air on a glass fiber  filter (reference 21). These filters
were desorbed with bwzene, and the weight of benzene soluble r&due was determined
gr&metti~y. Samples found to contain amounts in excess of the OSHA Permissible

ao 3M is a registered trademark of Minnesota Mining and MA.nuf&uri.ng  Company, St. Paul,
Minnesota.
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Exposure Limit (PEL) were solvent exchanged into acetonitrile and re-analyzed for PAH
content by High Performance Liquid Chromatography (HEW) using fiuorescence and
ultraviolet (W) detection.

(5) There were several cellulose ester filters sampled for vanadium (V) or lead (Pb)
(references 8 and 22); thm were anal@  by inductivelyumpkl  plasma (V) or by graphite
furnace atomic absorption (Pb). There were also  a small munkr  of polyvinyl chloride
(PVC) membrane filters sampled for respirable quar& and analyzed by x-ray diffraction
(reference 23).

(6) Industrial hygiene sampling for PAHs was conducted on PTFE (Teflon) filters in
series with XAD2 tubes (ORB0 43, Sup&o,  Inc.) (reference 24). Both media were
demrbed with acetonitrile and analyzed via HPLC using a reverse phase C-18 type column,
acetonitrile/water  eluent, and UV and fluorescence detection.

(‘7) Personal monitoring for eqsure to NO, and SO, was performed using
chemitiy-tre&d  molecular sieve tubes (ORB0 76, Sup&o,  Inc.) (refer-en= 25). The
gasesw~o~to~~orsulfateandanalyzedbyionc~~~hyinam~er
analogous to the acid gases analysis.

(1) Soil samples were analyzed for 14 metals. Samples were digested using a
procedure employing nitric acid, hydrogen peroxide, and hydr&loric  acid (reference 26).
Analyses were performed  using techniques appropriate to the particular metal: atomic
absorption cold vapor for mercury, graphite furnace atomic absorption for Pb and arsenic,
and inductively-coupled plasma for the remaining metals (references 9, 10, 12, 22, and 26).
Additionally, the quartz content of several of these soil sampk was e&mated using x-ray
d.iffmdon  spectroscopy (reference 27).

(2) Gas chromatography/mass spectroscopy (CC/MS) was used to analyze soil
extmcts for semivolatile organic compowds. The soils (30 gram sampl@ were extracted
ultrasonically with a solvent mix of methylene chloride and acetone, and the extract
concentrated to 1 mL (reference 28). The CC/MS was standardized to search for and
quantitate 63 target analytes, and to perform a search for other TICS with an estimation of
their amounts (reference 29).
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2. QUAiUTY  JWX&~NCE.

a. General Protoc.ol.Every effort was made to maintain the integrity of mples and to
provide high quality data throughout the &xatcny  portion of this health risk assessment.
All samples were kept under cbain~f~y from the time of .wmpling  until their analyses
were complete. Samples were w fr0m Saudi Arabia to the laboratories in coolers
contahhg dry ice, and those sarnph requiring continued refrigeration were stored at 4 “C.
Various external quality controls were provided by laboratory quality control cmrdhatoxs  for
analysis along with the samples. There were also external quality wntrols submitted by the
U.S.  Army Environmental Hygiene Agency Analytical Quality Assurance Division
(USAEHA AQAD). Additionally, the analysts made controls of their own to maintain a
check on instrumental and procedural performances. Known outlier values were r-e-analyzed
whenever possible, duplia instrumental analyses were often conducted, and check
standards were run frequently throughout the course of all batch analyses. Specific quality
assmance as applied to the various methodologies are discussed below.

(1) Ambient Air Samples.

(a) Acid gases  were sampled primarily on silica  gel tubes and analyzed by ion
chroma@raphy.  TlaeORBO70tu~werealsousedasabaclarptothesilicageltubesto
check for the presence of organic acids. However, we discontinued using these tubes when
it was discovered that silica gel effectively traps organic acid vapors. Internal  quality
controls were analyzed with most sets of samples to measure instrumental performance and
to monitor the desorption efEciencies  of the acids (nitric, sulfuric, acetic, and formic) from
the tubes. These efficiencies were used as a correction factor for samples analyzed in
conjunction with these control. External quality controls were also  analyzed with most sets
of ~ples as a check on overall labozatory  proficiency.

(b) Three types of passive dosimeters were used to measure concentrations of EPA
criteti  gaseous pollutants. Dosimeters used for NO, and NO, were analyzed by a
calorimetric procedure. The internal quality contxol  for this procedure involved analyzing a
known spike concentration prepared from a different chemical source than the standard
concentrations. This was tested  with each batch of samples as an instrumental check.
Extemal  controls were iru@endently  submitted as dosimetexs  spiked with Imown
concentrations of nitrite. Both the ozone dosimeters and the after reactions of their
chemically-treated filters to nitrate SO2 dosimeters were analyzed by ion chromatography and
sulfate, respectively. Internal and external controls consisted of spikes of nitrate or sulfate
on dosirneter filters.
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. (c) Extensive quality assurance was applied to the metals analyses of high volume
filters and mercury tubes. Precision of the analytical instrumentation was tested by duplicate
analyses of many prepared filter sample solutions. Additionally, some filters were split in
halfandthetwosides~~~~analnedsepaatelyinordertogiveanindicatonof
the precision of the entire sampling and analytid  metttwl. There were also numerous filters
splitinhalf,andone-halfwasspikedwithknOwnamountsoftheanalytemetalsasameasure
of matrix effects on recoveries. Finally, there were bla& and ex&rnal -Is tested with
all batches of samph. Blank mercury tubes were spitted  with known amounts of mercury to
detemhe the desorplion efficiency from the tubes. These efficiencies were used to conect
sample results. Extemal quality control spikes were analyzed to measure laboratory
proficiency with the procedures  used.

(d) There were thnx different  sampling media used for mpling PAHs:
polyurethane foam 4dges, XAD2 resin tubes and mrtridges,  and high vohnne quark or
glass fiber iilters. Methti recoveries were monitored by spiking known quantities of the
target PAEs on sampling media and putting them thnxgh the entire, extzaction and analysis
pm. In the case of the filters, this included a rigorous sample cleanup step. Then3
were also extemally  prepared~control spikes  run with some of the sets of samples. In
addition to conttols Prepared at the laboratory, some travel controls were prepaffd  by spiking
sampling media in the f&d to india the effects of travel conditions on samples. These
controls were ship@  back to USAEEA with the regular samples for analysis. Samples
were analpxi  by GC using flame ionWion and photoieon de&ton. Some samples
which had chromatographic peaks corresponding to the retex&n times of target PAFIs  and
those with many interfering peaks were re-ti@ using a Werent  chromatogxaphic
column. A GC mass spectrophotometer was employed for verifitions  of positive hits on
many samples. Check standards were run after every five samples (three for filters) to
ensure proper instrumental performance.

(e) The Tenax tubes sampled for EPA Method TO1 method had surrogate compounds
added to every sample, blank, and check standard to monitor the instrumental performance
during their GC mass spectral analyses. Mass sp=trometer  performance was ah0 vexified
through tuning checks every workshift  and through the analysis of check standards.
Recalibration using a full rat& of stxtdards  was performed  when required. All quantitation
was conducted using internal standards added to each sample, and the peak areas of these
standards were monitored to maintain proper instrumental sensitivity. External controls
prepared by spiking Tenax tubes with target compouDds  were analyzed with most sets of
samples. Seveml travel controls from the field were also analyzed.
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(f) High volume filters were tested for their inorganic anion content (chloride, nitrate,
sulfate) via ion chromatography. There were filters spiked with these target anions and
carried through the analytical procedure to monitor method performan=. The basic
extraction and analytical method used was the same met&l used for silica gels for acid
gases-

(2) Industrial Hygiene Samples.

(a) Several sets of silica gel tubes for acid mists were collected as personal
monitoring samples. These tubes were similar to the ambient silica  gel tubes described
above and were analyzed with them.

(b) Asbstos  was analyzed by fr’ber wunting.  Quality wntrols from NIOSH
proficiency testing rwun& were run with each set. Analyses included duplicates and cross-
duplicates  (analysis by a second  analyst).

(c) Internal and external controls regulated the quality of the GC analyses of charcoal
tub and passive monitors for benzene, toluene, and xylenes, and estimation of total
hywns. Spiked tubes and monitors prepared by the analysts were analyzed with each
hatch of samples and used for determination of desorption efliciencies. Hxtemal controls
were also analyzed to check analytical proficiency. DupU injections were made of
positive samples  and qualit&ve wx&mations  made by injections onto a second
chromatogmphic column of different polarity than the quantitating wlumn.

(d) Coal tar pitch vola&s were analyzed by a gmvimetric p&ure for weight of
percent benzene soluble fraction on sampled glass fiber filters. Calibration of the analytical
balance used was checked before each  use. The accuracy and sensitivity of the procedure
was check through a series of repetitive weighings of caKbration  standards. Samples found
to have an amount of benzene soluble fraction exceeding 0.2 milligrams per square meter
(mg/m3)  were then analyzed by the HPLC procedure used to monitor polynuclear  aromatic
h y m n s .

(e) Industrial hygiene monitoring for exposure to PAHs was done with Teflon filters
@articulates) and ORB0 43 XAD2 tubes (vapors). Spikes wntaining 16 target compounds
were made onto blanks of both media types to correct solvent desorption efficiencies of
wles and to check instrument performance. Extemdly  prepared control spikes were also
run with the various sample sets. Two types of HPLC detectors, W and fluorescence, were
used in series to determine PAHs during chromatographic runs. Most compounds wuld be
found by either detector, so one served as a check of the other. Some samples were further
confirmed by GC mass spectroscopy. Several travel control spikes on PTFE (Teflon) filters
were prepared in Saudi Arabia and sent with samples for analysis.
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(f) The quality assurance accompanying the analysis of ORB0 76 tubes for NO, and
SO, was similar to that applied to the other tube methods. Inted sph and external
quality wntxol  samples were analyzed along with the samples. The analysis of blank
.famplinp  media from each set was espe&lly important since this particular mphng medium
often has interfering background problems.

(g) The few metals analyses performed for V and Pb on cellulose ester filters were
analyzed with the same degree of quality control as the ambient air samples. An NIOSH
proficiency testing filter  was run with the filters anal* for respimble w.

(3) soil Samples.

(a) The same general a&y&l  techniques used to analyze filter samples for metals
were used for soil samples, and the same degree of quality assurance was applied. There
were analyses of duplicate sample aliquots, duplicate injections of extmcted soil solutions,
extmcted soil solutions which were spiked prior to analysis, and extemal  control samples.
Matrixspikesonportionsofsomeoftheactual~plesw~alsoanalyzedasacheckon
accuracy a.ud.mal& effects of the soils. Check standards were re-axc$zed  throughout the
pming of each batch of samples.

(b) Quality assurance for soil semivolatiles analyses was conducted through using
dupli&e injections into the GC mass spectrometer, analyzing matrix-spiked soils, and
analyzing duplicate matrix-spiked  soils. Surrogate corn- were added to every soil
sample to monitor the recoveries  of the target anal* from the soil during the extmction
process. Quantitations were performed using internal standards added to each sample
solution after extraction.

b. Problem Areas. An assessment of this magnitude and urgency could not be conducted
without some difliculties arising which may occasionally have some negative impact on data
quality. There were two general areas where the laboratories could not always maintain
desired surety of quality.

(1) Sample Holding Times.

(a) The recommended holding times for some types of samples could not always be
met due to the enormous logistical difficulty in getting a sample from field to the laboratory.
The Tenax tubes for EPA Method TO1 method and soil samples for semivolatiles often
exceeded the 2-week recommended time by a few days. Sampling media for PA& should
be extmcted for analysis within 1 week of sampling, but this was seldom the case.
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Fortunately, spiked PAH and EPA Method TO1 travel controls submitted from the field
indkte that there was little loss of target analytes  from any of the media even after several
W&S.

(b) Although dry ice was added to the cooler prior to shipping the samples, it usually*
~bythetimethe~lerarrivedatthelabozatory.  Therefore,itislikelythatsome
samples were briefly maintied at tern- higher than recommended for storage.
Again, Tenax tubes and PAH samples would be those most impacted,

(2) Analytid  Data.

(a) Controls were analyzed for each type of sampling media and laboratory analysis
procedure. However, fewer controls than desired could be prepared due to a shortage of
blank sampling media during the sampling and analyses @WI. For example, only one
internal and one external control for SO, dosimetem  were available for this pammeter  during
all the sample analyses.

(b) Some PAH high volume filters had to be used as part of the method
implementation process for this prcx&.re rather than as wntrols. Therefore, not much spike
data is available for this preliminary awssmenL Only two XAD2 spiked travel wntrols
sumivd shipment; several others arrived broken and could not be salvaged. A few other
wntrok of the various types were lost during analyses dne to instxument  failures, breakage,
or analyfid  interferences.

(c) Most of the analyses were conducted following recommended EPA, NIOSH, or
OSHA procedures, but the PAH analysis from high volume filters was taken from literature
and is not standard to the USAEHA laboratories. The PAH method was added to the list of
testsafterthesamplesurveyhadalreadybegun,soithasnotbeenfullyvalidatedbythis
lakmatoe. The request to analyze high volume filters for inorganic anions was also  an
afterthought; this is not a standard procedure, although it is similar enough to other filter
sampling  and analysis  procedures that it probably pruduces reasonably good results.

3. QU- CONTROL DATA.

a. Tables E-l through E-38 wntain the analytical quality control data for all samples
wllected from May through November 1991 in support  of the Kuwait Oil Fire Risk
Assessment.
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b. The USAKHA AQAD assigns sample numbers to all samples sent to the laboratories
for analysis. The cohunns labeled “Relevant Samples” w #s) in these tables indicate the
zti quality controls that were analyzed in conjunction with particular batch@)  of

.

c .  TbeR~severaltypesoftablecolumnheadingsforthenonmetals~~and
mercurytubes.  Theseh&gsvaryaccordingtothetypesofquality -ce being
performed on the assorted types of samples:

(1) Dmorption Efbienciies  were de%xmind by the laboratory analysts by spiking
known amounts of aualy~  onto blank sampling media and analyzing for the percent
recoveries. These efEciencies were used to comet sample and control results.

(2) Control Recoveries Were the results of analym of exkrnahy  (nonanalyst)
prepared spiked blank sample media or standard reference materials. They give an indication
of the precision and bias of the analytical rnti.

(3) Swte Recoveries  were those for known amounts of spikd compounds that
were addd to the samples prior to pming for mass spectrai analysis. They give an
indi~of~lematlixeffectsoIlrecoveries0fuargetanalyt~.

(4) IlIt& colltrols  were analyst-prepared  aualyte solutions used to evaluate
method instrumeut performauce.

d. There are four kinds ‘of quality assurance tables provhkd for the metals results of high
volume flter  analyses:

(1) External Controls were prepa.& by spiking one-half of a high volume air filter
sample and analyzed for yt spik recovery. The results were corrected for background
detexmined  from the unspiked half filter analysis.

(2) Rep@ Duplicate results  were generated by independent analyses of both halves
of a sample filter.

(3) hstmment Duplicate analysis  data reflect the ~lts of duplicate analyses of a
single-prepared filter or mercury tube sample s0huion.
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(4) Post-Digested Instrument Spike data were recovery data for split prepared filter
or mercury tube sample solutions where one-half were spiked with kuown amounts of target
analytes  prior to instrumental analysis. Results were corrected for background determined
from the unspiked portion analyses.

RICHARD W. BISHOP
Senior Chemist
Organic Environmental Chemistq  Division
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TABLE E-l. ACID GASES ON SILICA GEL TUBES

Desorption  Efficiencies Control Recoveries Relevant Samples
.(Average Percent) (Average Percent1 (Lab #s)

10 w

15 ccg
7 Pg

8 Pg
10 erg
11 Peg

13 Pg
12 Pg
10 Pg
12 Pg
12 Pg

12 PC9
10 Erg

10 Pg

12 Pg
10 rcg
10 Irg
10 Pg
10 Pg
10 erg
10 erg
10 Pg
10 fig
10 P9

8 Irg
8 Pg
8 Pg
8 Pg

91

114
107

111
97

108

106
108
110
100
99

105
100

100

98
100
117
84
85
85
88
90
95
96
96
95

112
95

l = outlier
Mea 99.7%
SD 9.1%
cv 0.091

8 rcg 113
11 Pg 107
10 Pg 100

6 fig 95
14 lw 92
f Pg 95

10 fig 101
10 Irg 92

8 Pg -94
8 erg 105

11 Pg 104

8 Pg
10 rg
24 Pg
12 P9
14 Pg
7.5 P9

14 Pg
12 P9

11.5 pg
13 Pg
14 rg
12 ccg
13 Pg
13 P9
12 Pg
10 Pg
12 Pg
8 fig

20 ccg
20 Irg
20 Pg

100
102
137*
108
100
97

100
100

116
108
93

109
108
108
92

100
108
112

100
101
95

Mean
SD
cv

Y1634-48
Y1642
Y1800-04, Y2068-74
Y1892-Y1901
Y1902
Y2075-84
Y2566-74, Y3054-66
Y2718-24, Y2990-93
Y2992
Y2739-47, Y3351-54
Y3326-30
Y3623-29, Y4723-37
Y4179-83, Y5064--76
Y4074-94
Y4737
Y5563-82
Y6065-76
Y7356-68
Y8119-34, Y8443-56
Y8486-90, Y9074-80
Y8896-YE902
Y9749-68
Y9998-ZOO16
20839-68
21213-22
21504-10
21621-26
22085-98
22501-07,22697-702
23236-42
23379-83
23673-79, 24011-23
z4097-24111
25302-19, 25640-42
25930-42, 26523-32

102.9%
9.0%
0.088
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TABLE E-l. ACID GASES ON SILICA GEL TUBES (Continued)

Desorption Efficiencies Control Recoveries ReleMnt Samples
(Average Percent) (Average Percent) (Lab #s)

9 P!3 122

1 Pg 96
15 Pg 102

11 Pg 104
10 Pg 103
7 fig 94

11 Pg 106
10 PS 93
10 Fcg 120

12 Pg 90
12 Irg 103
12 fig 101
10 Pg 100

10 Pg 108

98
100
115
80
85
85
89

l.01
100
1 0 0

103
81

110
100

* = outlier
Mean 99.6%
SD 10.4%
cv 0.104

8 m 97
14 PS 84f

6 Pg 95
10 irg 104
11 Pg 128*
10 Pg 106
10 Pg 94
10 Pg 106

8 ccg 106
8 erg 82

11 Pg 111

24 Fg 93
8 Irg 105

10 erg 103
12 Pg 100
15 Pg 107
7-s Pg 99

14 m 107
12 erg 108
13 la 108
11.5 pg 110
12 ccg 100
14 erg 100
11 Pg 100
13 Pg 108
13 Pg 108
12 Pg 100
9 P9 88

10 ccg 110
8 Pg 106

20 Pg 102
20 Pg 109
20 Pg 102
20 Pg 110

Mean 102-E%
SD 8.6%
cv 0,083

Y1634-48
Y1642
YlEOO-04, Y2068-74
Y1892-Y1902
Y1902
Y2075-84
Y2566-74, Y3054-66
Y2718-24, Y2990-93
Y2992
Y2739-47, Y3351-54
Y3326-30
Y3623-29, Y4723-37
Y4737
Y4179-83, Y5064-76
Y4074-94
Y5563-82
Y6065-76
Y7356-68
Y8119-34, Y8443-56
Y8486-90, Y9074-80
Y8896-YE902
Y9749-68
Y9998-ZOO16
20839-68
21213-22
21504-10
21621-26
22085-98
Z2501-07,22697-70.2
23236-42
23379-83
23673-79, 24011-23
z4097-24111
25302-19, 25640-42
25930-42, 26523-32
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TABLE E-l. ACID GASES ON SILICA GEL TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) uab #s)

10 P9
10 Pg

8 P9
8 w
8 Pg
8 PS
8 w

Mean
SD.
cv

10 F9
10 Irg
10 Pg

10 Irg
10 Pg
10 ccg
10 Pg
10 PS
10 Pg
10 PS
10 Pg

8 w
12 Pg
12 Pg
10 ccg
10 ag

88
120
100
81

112
91

103

99.3%
13.8%
0.139

100
100
100

100
86
89
87
87

100
109
120
88.
75
83
98

110

* = outlier
Mean 95.8%
SD 11.6%
cv 0.121

9 Pg 111 22697-22702
11 Pg 91 23236-42
10 P9 70 23379-83
20 PS 117 23673-79, 24011-23
20 erg 84 z4097-24111
20 Pg 94 25302-19, 25640-42
20 Pg 110 25930-42, 26523-32

Mean 96.7%
SD 16.9%
cv 0.174

Acetic

10 Pg
10 erg
12 fig

10 P9
6 pg
9 w

12 Pg
12 c(g
14 erg

8 /w
20 Pg

9 Pg
10 rg
10 Pg
10 Pg

100
100
100

100
83
82

100
100
114

100
147*
117
135
109
89

Y6065-76
Y8119-34, Y8443-56
Y8486-90, Y9074-80
Y8896-YE902
Y9998'-ZOO16
20859-68
21213-22
21504-10
21621-26
22085-98
Z2501-07,22697-702
23236-42
23379-83
23673-79, 24011-23
84097-24111
25302-19, 25640-42
25930-42, 26523-32

Mean 105.1%
SD 17.6%
cv 0.168
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TABLE E-1. ACID GASES ON SILICA GEL TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (IJab #s)

10 Pg 100
10 Pg 80
12 P9 91

10 P9 100
10 Pg 97
10 c(g 100
10 Pg 100
10 p-9 100
10 erg 100
10 rg 108

10 P9 90
12 Pg 100
10 Pg 80
14 Irg 78
10 Pg 89
10 I(g 103

Formic

10 w 100
10 Peg 80
12 PS 92

10 erg 100
8 m 100

10 Pg 90
12 P9 83
12 Pg 83
14 Pg 86
14 Pg 107

10. Pg 110
9 Pg 96
9 erg 125

10 Pg 128*
10 Irg 88
10 Pg 102

l = outlier
Mean 94.8%
SD 9-O%
cv 0.095

Mean 98.1%
SD 14.2%
cv 0.144

Y6065-76
Y8119-34, Y8443-56
Y8486-90, Y9074-80
Y8896-YE902
Y9998-ZOO16
20859-68
21213-22
21504-10
21621-26
82085-98
22501-07,
22697-22702
23236-42
23379-83
23673-79, 24011-23
z4097-24111
25302-19, 25640-42
25930-42,  26523-32
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TABLE E-2. ORGANIC ACIDS ON ORB0 70 TUBES

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

11 Pg 64
10 fig 102

9 Peg 104

9 Pg

Mean
SD*
cv

12 P9
1.2 w
12 P9

Mean 119.3%
SD 16.7%
0.7 0.140

104

93.5%
19.7%
0.211

100 8 Pg 93 Y1626-33
129 Y2748-57
129 Y4095-115

8 m 100 Y1626-33
14 PB 91 Y2088-lOO,Y2557-75

Y2748-57
10 erg 90 Y2757

Y4095-115

Mean
SD
cv

93.7%
5.5%
0.059

Formic

E l 6



0 Final Rpt, Kuwait Oil Fire HRs4 No. 39-26-L192-9i,5 May - 3 Dee 91

TABLE E-3. ANIONS ON HIGH VOLUME AIR FILTERS

Cl- NO3- so4-

Desorption Efficiencies Desorption Efficiencies Desorption Efficiencies
(Average Percent) (Average Percent) (Average Percent)

Amt. % Amt. % Amt. %

8-6 erg
10 Pg
10 Pg

Mean
SD
cv

Mean
SD
cv

86
110
90

95.3%
12.9%
0,135

110
88

100

99.3,%
11.0%
0.111

8 w 80
10 erg 70

Mean 75.0%
SD 7.1%

Control Recoveries
(Averase Percent)

20 erg 90 20 Pg 110
25 Pg 76 25 Pg 108
10 Irg 80 10 Pg 120
10 PS 70 10 PB 130

Mean
SD
cv

79.0%
8.4%
0.106

10 Pg
10 Pg
10 Pg
11 Pg

Mean 100.0%
SD 8.2%
cv 0.082

Mean 117-O%
SD 10.1%
cv 0.087

100
90

100
110

Relevant samples: Selected filters were analyzed from sets Y5607-Y5706,
Y6461-87, Y8241-64, Y8532-48, Y8944-Y9117, Y9819-36, 20074-89, 20764-94,
24351-66, 25461-80, 25895-5970, and 26542-51.
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Final Rpt, Kuwait Oil Fii HRA No. 39-26L192-91,5 May

TABLE E-4. ASBESTOS FIBERS ON CE FILTERS

3 Dee 91

Controls Analyzed Fibers* Relevant Samples
(NIOSH PAT San’&.eS) Counted (r&b #s)

QS2739 107 Y1983-86
QS2743 108 n

QS2738 212 _ Y4196-Y4206

* Fiber count within NIOSH specified control limits.

.

0

l
El8
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TABLE E-5. BTX ON CHARCOAL TUBES/OVMs

Desorption Efficiencies Control Recoveries Relevant Saxtples
(Average Percent) (Average Percent) (Lab #s)

Amt. % Amt. %

1.76 mg 95

1.76 mg 82

0.176 mg
0.87 mg
0.44 mg

103
79
97

0.26 mg 100
0.26 mg 79
0.35 mg 101
0.87 n-g 83

0.44 mg 80
1.73 mg 92

0.176 mg 93

Mean
SD
cv

90.3%
9.2%
0.102

0.176 mg 99
0.44 mg 97
O-264 mg 96

Benzene - CT

1.76 mg a4 Y088f-90,YllOO-02
0.2,mg 92 YllOl
1.76 mg 1 1 0  Y1598-Y1605
1.75 mg 106 Y1713
1.76 mg as Y1790-99
0.176 mg 9 1  Y2711-17
0.176 mg 1 0 2  Y3019-22
2.6 mg 102 Y3021
0.176 mg 8 8  Y3331-45
0.29 mg 1 0 4  Y6079-87,Y6560-85

0.24 mg 9 0  Y5125-3O,Y8491-98,
Y7397-Y7403

0.20 mg 9 2  Y9059-61, Y9735-44
0.176 mg 88 Y9972-82,  20800-16
0.211 mg 105 "

0.246 mg a9 ?I

0.53 mg 103 21204-12

Mean 95.7%
SD 8.6%
c v 0.089

Benzene - OVM

1.76 m g 9 7  Y1606-13,Y1781-89
0.176 mg 9 4  Y3008-11

Y3339-45

Mean 97.3% Mean 95.5%
SD l-S% SD 2.1%
cv 0.016 cv 0.022
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TABLE E-5. BTX ON CHARCOAL TUBES/OVMs (Continued)

Desorption Efficiencies Control Recoveries Rklevant Samples
(Average Percent) (Average Percent) (Lab #s)

1.73 mg

1.732 mg 7 9

0.173 mg
0.87 mg
0.44 mg

0.26 mg 105
0.26 mg ai
0.35 mg 106
0.87 mg a4

0.44 mg
0.173 Ing

0.173 mg

Mean 90.2%
SD 14.3%
cv 0.159

0.173 mg 106
0.44 mg 100
0.260 mg 103

Mean 103.0% Mean 93.5%
SD 3.0% SD 5.0%
cl? 0.029 cv 0.053

l outliers

99

109
a0
97

75
66

102

Toluene - Q

1.91 mg a5
0.2 mg 91
1.74 mg 115
1.75 mg 110
1.91 mg al
1.73 mg a7
1.73 mg 103
2.6 mg 101
1.73 mg 91
0.29 mg 102

0.25 mg 9s

0.21mg 97
1.73 mg 141*
2.08 mg 14a*
2.43 mg 141*
1.04 mg 95

YO885-9O,YllOO-02
YllOl
Y1598-Y1605
Y1713
Y1790-99
Y2711-17
Y3019-22
Y3021
Y3331-45
Y6079-87,Y6560-85

Y5125-3o,Ya49i-98,
Y7397-Y7403
Y9059-61, Y9735-44
Y9972-82, 20800-16

"
11

81204-12

mean

z

96.4%
9.8%
0.101

Toluene - OW

1.73 mg 9 0  Y1606-13,Y17al-89
1.73 mg 9 7  Y3008-ii

Y3339-45

0- ‘,
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TABLE E-5. BTX ON CHARCOAL TUBES/OVMs (Continued)

Desorption Efficiencies Control Recoveries Relevant Swles
(Average Percent) (Average Percent) (Lab #s)

Amt. % Amt. %

1.74 mg 91

1.738 mg 84

1.738 mg 100
1.76 mg 80
0.44 mg 95

0.26 mg 108
0.26 mg 83
0.35 mg 106
0.87 mg 85

0.44 mg 76
1.738 mg 94

1.738 mg 101

Mean
SD
cv

91.9%
10.5%
0.114

1.738 mg 107
0.44 mg 100
0.261 mg 1 0 6

M e a n
SD
cv

104.3%
3.8%
0.036

Xvlene - CT

2.61 mg 9 4  YO885-9O,YllOO-02
0.2 m g 102 YllOl
2.32 mg 1 0 6  Y1598-Y1605
1.75 mg 103 Y1713
2.61 mg 9 1  Y1790-99
1.74 mg a9 Y2711-17
1.73 mg 1 0 6  Y3019-22
2.6 n'q 105 Y3021
2.61 mg 9 8  Y3331-45
.0.29 mg 9 9  Y6079-87,Y6560-85

0.24 mg 9 4  Y5125-30,Y8491-98,
Y7397-Y7403

0.21 cg 9 7  Y9059-61, Y9735-44
1.74 mg 1 0 3  Y9972-82, 20800-16
2.09 mg 106 n
2.43 mg 100 n
1.04 mg 9 9  21204-12

Mean 99.5%
SD 5.4%
cv 0.054

Xvlene - OVM

1.738 mg 9 6  Y1606-13,Y1781-89
1.74 mg 9 8  Y3008-11

Y3339-45

Mean 97.0%
SD 1.4%
cv 0.015
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TABLE E-6. COAL TAR PITa VOLATILES ON GLASS FIBER FILTERS

Statistics for Gravimetric Determination of Benzene Solubles

20 mg 50 mg 100 mg
#w .

20.0314 50.056 100.122
20.0310 50.057 100.121
20.0304 50.053 100.122
20.0301 50.052 100.121
20.0303 50.054 100.119
20.0300 50.054 100.120
20.0304 50.057 100.117
20.0309 50.053 100.120
2 0 . 0 3 0 0 50.054 100.119
20.0275 50.053 100.118

Mean 20.0302 50.054 100.120
S D 0.001056 0.001767 0.001663
c v 0.0000527 - 0.0000353 0.0000166
VAR 0.0000011 0.0000031 0.0000027

Cahn Model 29 Automatic Electrobalance used:
Date Calibrated: 31 Ott 90

Expiration of Calibration: 31 Ott 91

OSHA Method 58 states that the detection limit of the
analytical method corresponds to twice the standard deviation of
the precision data for the 50 mg weight (taking a dilution factor
of 2 into account). Therefore the detection limit for the
procedure is 0.007 mg/sample  x2 x2, or 7 pg/sample.

ReleMnt Samples
(Lab #s)

yoagi-95
Y1094-96
YlS90-97
Y1825-29
Y2702- 10

Y3003-09
Y3302-07
Y5606-50
Y7404-09
Y8475-85

Y9052-58
Y9721-30
y9987-97
20822-38
21188-95
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TABLE E-7. CRITERIA POLLUTANTS (GASEOUS) ON DOSIMETERS

Internal Controls Control Recoveries*
(Average Recoveries)

Relevant Samples
(Average Percent) (Lab #s)

NO/NO2

0.6 pg/fi 96 6 w 102

O-6 m/a 101 88
O-6 /q/a

6 pg
101

O-6 pg/fi 99 96
O-6 /q/a

6 w
108

6 m 98
6 Iv3 95
2 Pg 98
2 Irg 90

Mea 101.0 % Mean 95.3 %
SD 4.4 % 4.9 %
cv 0.044 0.051

12 ILg 102 10 Irg 114

10 a 130
10 Pg 97
10 Pg 120 4 Pg 100

Mean 112.3 % Mean 107.0 %
SD 15.4 % SD 9.9 %
cv 0.137 cv 0.093

l External controls (spiked filters)

Y1841-45, Y4041-49
Y4192-95
Y2019-22, Y2700
Y2586-90
Y3084-85, Y3359-65
Y4655-56, Yf592
Y7351-55, Y8228
Ya421-25
Z3690-92,23994-01,
Z4140-51,25353-56,
Z5661-67,25957-58

Y4017-28,Y7346-50.
Y8227, Y8416-20 .
Z3684-86,23986-93
Z4128-39,25357-62
25668-73
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TABLE E-7. CRITERIA POLLUTANTS
(Continued)

(GASEOUS) ON DOSIMETERS

Internal Controls Control Recoveries* Relevant Samples
(Average Recoveries) (Average Percent) (Lab #s)

20 Pg
5 Peg
5 a

20 Pg
20 Pg
>5 rg

20 P9

10 P9

10 ag
10 Irg
15 Peg
10 lw
10 rg

Mean
SD
cv

120
70
a8
92

107
75

95

80

90
98

100
120
110

95.8 % Mean 111.5 %
15.8 % SD 23.3 %
0.165 cv 0.209

Ylasl-55
Y3088-89, Y3346-50
Y4029-40

10 Pg 95

Y2027-30, 'Y2580-82
Y4184-87, Y4662-66
Y5586-88, Y7342-45
Y4043, Y8226
Y8412-15
23687-a9,z3978-85
24116-27

I

23547-52
Z5654-60-

l External controls (spiked filters)
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TABLE E-8. NOx/S02 ON OREO 76 TUBES

Desorption Efficiencies Control Recoveries
(Average Percent) (Average Percent)

Relevant Samples.
(Lab #s)

Amt. % Amt. %

6 Fg
95 10 P9

100 12 Pg
80 11 Peg

100 3-s w

93.8% Mean
9.5% SD
O-101 Cv

sQ2

108 Y1614-20
97 Y1819-24
70 Y2031-44

127 Y3013-18
140 Y3017

108.4%
27.2%
0.250

13 Irg 85
10 Irg 130
10 Peg 110
11 P9 45*

6 w 98
10 Pg 71
12 cc9 100

Mean 108.3% Mean 85.5%
SD 22.6% SD 20.5%
cv 0.208 cv 0.240

Y1614-20
Y1819-24
Y2031-44
Y3013-18
Y3294-Y3301

l outlier (interference, value not used to correct samples)
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #sl

20 Pg <5 Y3369, Y3373-34,
Y4450-57, Y4755-59,
Y5140-45, Yf733-40

cs 14 Pg <S YSS93-Y5601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39

c5 CS Y7327-29, Y8229-30,
Y8240, Y8457-65,

- Y8936, Y9100-OS,
Y9716-20, 20887-88

3 Spikes ( ~5% 1
Average

YS602, 20017-19,
20072-73, 20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333

2--e

9 Pg CS10 P9 cs Y7327-29 thru
25333

1-Methvlnanhthalene

9 Irg cs10 Pg CS Y7327-29 thru
25333

BiDhenvl

10 Peg c5 es Y7327-29 thru
25333.
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries
(Average Percent) (Average Percent 1

Relevant Samples
(Lab #s)

2.6-Dimethvlnaahthalene

10 Pg <S 9 Pg c5 Y7327-29 thru
25333

Acenaahthvlene

20 erg <S Y3369, Y3373-34,
Y4450-57, Y4755-59,
YS140-45, YS733-40

s Irg <5 14 Pg -3 Y5593-YS601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39

10 w 5

3 Spikes ( 4% 1
Average

20 Pg

f Pg

CS

4

9 Pg 144

AcenaDhthene

14 Pg c5

Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-05,
Y9716-20, 20887-88

Y5602, 20017-19,
20072-73, 20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333

Y3369, Y3373-34,
Y4450-57, Y4755-59,
YS140-45, YS733-40

YS593-YS601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries
(Average Percent)

Relevant Samples
(Average Percent) (Iah #s)

b

10 c(g 25

3 Spikes ( ~12% )
Average

whthene( C o n t i n u e d )

9 ccg 44 Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-OS,
Y9716-20, 20887-88

20 Pg 42

5 P9 14 14 c(g 36

10 Pg 42

3 Spikes 1 33% 1

Mean
SD
w

32.7%
16.2%
0.495

9 ccg 92

YS602, 20017-19,
20072-73, 20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333

Y3369, Y3373-34,
Y4450-57, Y4755-59,
Yf140-45, YS733-40

Y5593-YS601,
YS603-06, Y6488-97,
Y7317-26, Y8231-39

Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-OS,
Y9716-20, 20887-88

Y5602, 20017-19,
20072-73, 20869-86,
21223-28, ZlfOO-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Smples
(Average Percent) (Average Percent) (Lab #s)

10 Pg 15

10 fig 89

3 Spikes 1 71% )
Average

Mean 71.3%
SD 48.8%
cv O-684

20 P9 90

5 PLg 42

Dibenzofuran

9 PLg 103 Y7327-29 thru
25333

Phenanthrene

Y3369, Y3373-34,
Y44SO-57, Y4755-59,
YS140-45, YS733-40

14 Pg 64 YSS93-YS601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39

9 PC9 101 Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-05,
Y9716-20, 20887-88

Y5602, 20017-19,
20072-73, 20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333

Anthracene

Y3369, Y3373-34,
Y4450-57, Y4755-59,
Y5140*4S, YS733-40

14 Pg 65 Yf593-Y5601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39
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TABLE E-9. PA& ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

t. % Amt. %

Anthracene (Continued)

10 m 98 9 m 100 Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-OS,
Y9716-20, 80887-88

3 Spikes ( 77% 1 Y5602, 20017-19,
Average 20072-73, 20869-86,

21223-28, 21500-03,
2X649-54, 22117-19,

Mean 76.7% Z2508-10, 22730-35,
SQ 39.6% 23017-19, 24277,
cv 0.516 ZS333

10 ag

10 Pg

68

150

152

110

Carbazole

9 fig 167

Fluoranthene

14 Pg 70

100

Y7327-29 thru
25333

'213369, Y3373-34,
Y4450-57, Y47SS-59,
P5140-45, Y5733-40

YSS93-YS601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39

Y7327-29, Y8229-30,
'118240, Y8457-65,
Y8936, Y9100-05,
Y9716-20, 20887-88
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

3 Spikes ( 137% 1
Average

Mean 13.I7.3%
SD 23.7%
cv 0.173

20 ccg 130

5 P9 120

10 Pg 120

3 Spikes ( 123% 1
Average

Mean 123.3
SD s . a'%
cv 0.047

20 Pg 94

Fluoranthene (Continued)

Y5602, 20017-19,
20072-73, 20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333

Y3369, Y3373-34,
Y4450-57, Y47SS-59,
Y5140-45, Y5733-40

14 Pg 51

9 Pg 102

Benzo(a)anthracene

Y5593-YS601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39

Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-05,
Y9716-20, 20887-88

YS602, 20017-19,
20072-73, 20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333

Y3369, Y3373-34,
Y4450-57, Y47SS-59,
Yf140-45, Y5733-40
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) UAb #s)

o(a) anthracene (Contxnued)B nz
.e

5 Pg 108 14 PS 73 Y5593-Y5601,
Y5603-06,  Y6488-97,
Y7317-26,  Y8231-39

10 c’g 120 9 Pg 102 Y7327-29, Y8229-30,
Y8240,  Y0457-65,
Y8936, Y9100-05,
Y9716-20, 20887-88

3 Spikes ( 107% ) Y5602, 20017-19,
Average

Mean

20 PL9

5 fig

10 )rg

107.3% .
13.0%
0.121

Chrvsene

91

102 14 Pg 112

120 9 P9 102

20072-73,  20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333

Y3369, Y3373-34,
Y4450-57,  Y4755-59,
Y5140-45,  YS733-40

YS593-Y5601,
YS603-06,  Y6488-97,
Y7317-26,  Y8231-39

Y7327-29, Y8229-30,
Y8240,  Y8457-65,
Y8936, Y9100-OS,
Y9716-20,  20887-88
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (IJab #s)

3 Spikes ( 104% 1
Average

Mean 104.3%
SD 14.6%
cv 0.140

100

114

120

3 Spikes ( 111% 1
Average

Mean 111.3%
SD 10.3%
cv 0.092

Chrvsene (ContinuedZ

Benzo (bl flxoranthene

14 Irg 94

9 Pg 102

Y5602, 20017-19,
20072-73, 20869-86,
21223-28,  21500-03,
21649-54,  22117-19,
22508-10,  22730-35,
23017-19,  24277,
25333

Y3369, Y3373-34,
Y44SO-57,  Y4755-59,
YS140-45,  YS733-40

Y5593-Y5601,
Y5603-06,  Y6488-97,
Y7317-26,  Y8231-39

Y7327-29, Y8229-30,
Y8240,  Y8457-65,
Y8936, Y9100-05,
Y9716-20,  20887-88

YS602,  20017-19,
20072-73,  20869-86,
21223-28,  21500-03,
21649-54,  22117-19,
22508-10,  22730-35,
23017-19,  24277,
25333
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TABLE E-9. PAHS ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) nab #a)

Benzo(k) fluoranthene

20 Peg 80 Y3369, Y3373-34,
Y4450-57, Y4755-59,
Y5140-45, Y5733-40

5 fig 118

10 rg 120

14 ccg 79 Y5593-Y5601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39

9 Pg - 102 Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-05,
Y9716-20, 20887-88

3 Spikes ( 106% ) Y5602, 20017-19,
Average X0072-73, 20869-86,

21223-28, 21500-03,
21649-54, 22117-19,

Mean 106.0% 22508-10, 22730-35,
SD 22.5% 23017-19, 24277,
cv 0.213 25333

Benzo(eIavrene

10 erg 120

20 Pg 91

5 Pg 72

9 Pg 102 Y7327-29 thru
25333

Benzo(alavrene

Y3369, Y3373-34,
Y44SO-57, Y47fS-59,
Y5140-45, Y5733-40

14 Peg 99 YS593-Y5601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39

l

I E-34
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

Amt. % ZAmt. %

Benzo(a)wrene (Cnntinuedj

10 PQ 93 9 w 119 Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-Of,
Y9716-20, 20887-88

3 Spikes
Average

20 Pg 60

85.3%
11.6%
0.136

o(l.2.3-cdlnvrene

Y5602, 20017-19,
20072-73, 20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333

92 14 Pg 101

110 9 Pg 111

Y3369, k3373-34,
Y4450-57, Y4755-59,
Yf140-45, Y5733-40

Y5593-Y5601,
Y5603-06, Y6488-97,
Y7317-.26, Y8231-39

Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-05,
Y9716-20, 20887-88

3 Spikes ( 87% 1
Average

Mean 87.3%
SD 25.3%
cv 0.290

Y5602, 20017-19,
20072-73, 20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
Z2508-10, 22730-35,
23017-19, 24277,
25333

E-35 ^
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (IJab #s)

Amt. % t. %
.

Dibenzo(ahlanthracene

20 Pg 85

f PCS 92

10 Pg 110

3 Spikes ( 96% )
Average

Mean 95.7%
12.9%
0.135

20 Pg 90

5 Peg 92

10 Pg 110

Y3369, Y3373-34,
Y44SO-57, Y4755-59,
Y5140-45, Y5733-40

14 Pg 101 YS593-Y5601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39

9 Pg 111 Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-05,
Y9716-20, 20887-88

Y5602, 20017-19,
20072-73, 20869-86,
21223-28, 21500-03,
21649-54, 22117-19,
22508-10, 22730-35,
23017-19, 24277,
25333

Benz01 ahi)Dervlene

Y3369, Y3373-34,
Y4450-57, Y4755-59,
YS140-45, Y5733-40

14 Pg 101 Y5593-Y5601,
Y5603-06, Y6488-97,
Y7317-26, Y8231-39

9 Pg 111 Y7327-29, Y8229-30,
Y8240, Y8457-65,
Y8936, Y9100-OS,
Y9716-20, 20887-88

E-36
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TABLE E-9. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Desorption Efficiencies Control Recoveries
(Average Percent)

Relevant Samples
(Average Percent) (Lab #s)

Benzo(shi)nervlene (Continued)

3 Spikes ( 97% 1 Y5602, 20017-19,
Average 20072-73, 20869-86,

21223-28, 2X00-03,
21649-54, 22117-19,

mean 97,3% 22508-10. 22730-35.
SD 11.0%
cv 0,113

23017-19; 24277, ..
25333
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TABLE E-10. PAHs ON HIGH VOLUME AIR FILTERS

Travel Spike Recoveries

SD e #Th Ameo. t . Amt + Found % Recovered ik

7.0 Pg
7-o w

N/A OX238939
N/A LCSpike2

Acenaahthvlene

< 4 Peg
< 4 Pg

N/A
N/A

OlH238939
LCSpike2

Acenaahthene

6.2 pg
6-2 Its

< 1.5 pg N/A OlH238939
c 1.5 /bg N/A LCSpike2

Fluorsne

6-4 w 8.0 w 125 OlH238939
6-4 peg 11.0 fig 172 LCSpike2

menanthrene

7-4 Pg
7-4 Pg

8-l m
7-8 erg

109 OlH238939
105 LCSpike2

Anthracene

6-6 ccg 6-6 Pg 100 OlH238939
6-6 Pg 5.2 pg 79 LCSpike2

E-38



Final Rpt, Kuwait Oil Fire HI& No. 39-26-L192-91,5  May - 3 Dee 91

TABLE E-JO. PAHs ON HIGH VOLUME AIR FILTERS (Continued)

Travel Spike Recoveries

A m t .  FoyadTheo. Amt. % Recovered Snike #

Fluorantheng

6-3 PLQ 6-6 w 105 OlH238939
6.3 Pg 6.4 /a 102 LCSpike2

7-2 F3
7-2 Pg

S-8 c(g
5-O Pg

81 OlH238939
69 LCSpike2

Benzb(a)anthrancene

6-3 w 4-4 Izg 70 OlH238939
6-3 Pg 4-2 P9 67 LCSpike2

2-4 P9 2-7 Pg 133 OlH238939
2-4 Irg 2.5 p9 104 LCSpike2

Benzo(b)Pluoranthene

6-4 P!3 5 -.6 pg 88 OlH238939
6-4 P9 5.7 Pg 89 LCSpike2

E-39
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TABLE E-10. PAHs ON HIGH VOLUME-AIR FILTERS (Continued)

Travel Spike Recoveries

eo. Amt. Amt. Found % Recovered Smike #

then%

5-2 H 4.6 rg 88 OlH238939
5.2 pg 4-4 Pg 85 LCSpike2

Benzo(a)wrene

10.2 pg 10.0 pg 98 OlH238939
10.2 pg .7-2 rg 71 LCSpike2

s-3 Pg
6.3 pg.

7-3 erg 116
6-4 m 102

IJ&enzo(ah)anthracene

OlH238939
LCSpike2

2.1 pg.
2-l  ccg

3-8 PS
3.1 erg

181 OlH238939
148 LCSpike2

Benzo(shi)mrvlene

6.4 erg 4-0 PCS 75 OlH238939
6-4 w 4-7 IF3 73 LCSpike2

E-40
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TABLE E-11. PAHs ON PUFs

Desorption Efficiencies Control Recoveries
(Average Percent) (Average Percent)

Relevant Samples
(Lab #s)

Mean
SD
cv

6 fig

6 Pg

6 Pg

Mean
SD
CT7

Nanhthalene

33 6 Pg 150 Y1643-48, Y1712
Y1876-83, Y2008-18

6 w l Y2549-52, Y2671-84
Y3090-Y3100

6 Peg Y4682
74 6 Peg 9; Y3279-81, Y3292-93

Y3644-48
Y4050-73, Y4162-66

74 8 Irg 76 Y5124
Y5106-24

3.7 )rg 74 Y5476-Y5503
4.2 pg *

60.3% Mean 98.8%
23.7% 35.4%
0.392 0.359

Acenaahthvlen?

37 6 ccg

86 6 erg

6 erg
96 6 Pg

86 8 Pg 84

76.2% Mean
26.6% SD
0.349 m

l interference

0
-1’

E-41.

108

68

107
100

57
t

87.3%
21.4%
0.244

Y1643-48, Y1712
Y1876-83, Y2008-18
Y2549-52, Y2671-84
Y3090-Y3100
Y4682
Y3279-81, Y3292-93
Y3644-48
Y4050-73, Y4162-66
Y5124
Y5106-24
Y5476-Y5503
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TABLE E-11. PAHs ON PUFs (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

% t. %

6 Pg

Mean
SD
cv

6 P9

Mean
SD
cv

40

87

69

78

68.5%
20.4%
0.297

42

88

78

83

72.8%
20-9%
0.287

Acenanhthene

6 fig 112 Yl643-48, Y1712
Y1876-83, Y2008-18

6 m 105 Y2549-52, Y2671-84
Y3090-Y3100

6 ia 100 Y4682
6 fig 108 Y3279-81, Y3292-93

Y3644-48
Y4050-73, Y4162-66

8 a 102 Y5124
Y5106-24

3.3 P9 64 Y5476-Y5503
3-7 Pg *

Mean 98.5%
SD 17.4%
cv 0.177

Fluor=

107 Y1643-48, Y1712
Y1876-83, Y2008-18

107 Y2549-52, Y2671-84
Y3090-Y3100

103 Y4682
118 Y3279-81, Y3292-93

Y3644-48
Y4050-73, Y4162-66

12s YS124
YS106-24

64 YS476-Y5503
44

Mean 95.4%
SD 29.8%
cv 0.313

l interference

E-42
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TABLE E-11. PAHS ON PUPS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

6 P!3 82

6 P!3 87

Mean
SD
m

Mean
SD
cv

43

92

76.0% Mean 99.4%
22.4% SD 17.1%
0.294 cv 0.172

43

82

76

79

70.0% Mean
18.2% SD
0.260 cv

Phenanthrene.

6

Irg

108 Y1643-48, Y1712

Y1876-83, Y2008-18
6 Pg 105 Y2549-52, Y2671-84

Y3090-Y3100
6 w

I
105 Y4682

6 erg 103 Y3279-81, Y3292-93
Y3644-48
Y4050-73, Y4162-66

8 w 104 Y5124
YS106-24 .

3-g Pg 110 Y5476-Y5503
4-4 Pg 61

Anthracene

6 Pg 101 Y1643-48, Y1712
Y1876-83, Y2008-18

6 Pg 103 Y2549-52, Y2671-84
Y3090-Y3100

6 P3 115 Y4682
6 m 108 Y3279-81, Y3292-93

Y3644-48
Y4050-73, Y4162-66

8 P9 102 Y5124

3.5 pg'
Y5106-24

118 Y5476-YSS03
4-O Pg 91

105.4%
9.1%
O-087

E43
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TABLE E-11. PAHs ON PUFs (Continued)

Desorption Efficiencies Control Recoveries ReleMnt SantpleS
(Average Percent) (Average Percent) (Lab #s)

Amt. % %

6 m

Mean 79.2%
SD 21.7%
cv 0.274

6 P9

6 Peg

Mean 79.8%
SD 23.2%
cv 0.291

48

97

82

90

47

100

81

91

Fluoranthene

6 Erg

6 pg

6 fig
6 m

8 Peg

3-4 Pg
3-8 PS

Mean
S D
cv

EYEas

6 Irg

6 w

6 /a
6 pg

8 ccg

3.8 pi
4-3 w

Mean
SD
cv

101 Y1643-48, Y1712
Y1876-83, Y2008-18

107 Y2549-52, Y2671-84
Y3090-Y3100

103 Y4682 e
107 Y3279-81, Y3292-93

Y3644-48
Y4050-73, Y4162-66

111 Y5124
YS106-24

66 Y5476-Y5503
79

96.3%
17.0%
0.176

103 Y1643-48, Y1712
Y1876-83, Y2008-18

100 Y2549-52, Y2671-84
Y3090-Y3100

95 Y4682
107 Y3279-81, Y3292-93

Y3644-48
Y4050-73, Y4162-66

106 Y5124
YS106-24

65 Y5476-YSS03
81

93.9%
15.5%
0.165
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TABLE E-11. PAHS ON PUFs (Continued)

Desorption Efficiencies Control Recoveries ReleMnt Samples
(Average Percent) (Average Percent) (Lab #s)

Benz0 (a)anthrancene

so

93

97

6 pg 105

83
113
108

88 100

71
90

Mean 78.5% Mean 97.7%
SD 19.4% SD 14.0%
cv 0.248 cv o-143

Chrvsene

6 pg

6 m

6 Pg

6 Peg

50

107

97 Y1643-48, Y1712

107

85
6 w 100
6 fig 107

93 8 Pg 122

l-3 Pg
l-4 Pg

59
90

03.8% Mean 97.4%
24;3% SD 19.7%
0.290 cv 0,202

Y1643-48, Y1712
Y1876-83, Y2008-18
Y2549-52, Y2671-84
Y3090-Y3100
Y4682
Y3279-81, Y3292-93
Y3644-48
Y4050-73, Y4162-66
YS124
YS106-24
YS476-Y5503

0.

Y1876-83, Y2008-18
Y2549-52, Y2671-84
Y3090-Y3100
Y4682
Y3279-81, Y3292-93
Y3644-48
Y4050-73, Y4162-66
YS124
Y5106-24
Y5476-YSS03

Mean
SD
cv

E-45
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TABLE E-11. PAHs ON PUFs (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

Benzofblfluoraq&Izene

6 pg 53

6 Pg 77

6 P9 84

6 m 81

6 Irg

6 ccg

6 Pg
6 Irg

8 ccg

3-4 Fg
3-g ccg

157 Y1643-48, Y1712
Y1076-03, Y2008-18

108 Y2549-52, Y2671-84
Y3090-Y3100

1 0 7 Y4682
108 Y3279-81, Y3292-93

Y3644-40
Y4OSO-73, Y4162-66

97 YS124
Y5106-24

81 YS476-YSS03
108

Mean
SD
cv

73.8% Mean 109.4%
14.1% SD 23.2%
0.192 cv 0.212

anthene-

6 F3 so

6 PS 100

6 w 82

6 cs 91

Mean 80.8%
SD 21.8%
cv 0.270

6 c(9

6 Pg
6 Irg

8 erg

Mean
SD
cv

100 Yl643-48, Y1712
Y1876-83, Y2008-18

100 Y2549-52, Y2671-84
Y3090-Y3100

108 Y4682
105 Y3279-81, Y3292-93

Y3644-48
Y4050-73, Y4162-66

12s Y5124
YS106-24

68 Y5476-YS503
a9

99.3%
17.6%
0.177
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TABLE E-11. PAHs ON PUFs (Continued)

Desorption Efficiencies Control Recoveries
(Average Percent)

Relevant Samples
(Average Percent) (Lab #s)

Benzo(a)nvrene

6 Pg

6 F3

6 Peg

6 Pg

Mean
SD
cv

47 6 /a 96 Y1643-48, Y1712
Y1876-83, Y2008-18

88 6 m 107 Y2549-52, Y2671-84
Y3090-Y3100

6 Pg 117 Y4682
78 6 P9 112 Y3279-81, Y3292-93

Y3644-48
Y4050-73, Y4162-66

83 8 /a 88 YS124
YS106-24

s-4 Pg 64 YS476-YS503
6.1 Pg 83

74.0% Mean 95.3%
18.5% SD 18.6%
0.249 cv 0.19s

Indeno(l.2.3-cdj.nvren?

6 /w 43

6 Pg 83

6 Pg 80

6 P9 82

6 Pg 101 Y1643-48, Y1712
Y1876-83, Y2008-18

6 Pg 100 Y2549-52, Y2671-84
Y3090-Y3100

6 w 100 Y4682
6 erg 110 Y3279-81, Y3292-93

Y3644-48
Y4050-73, Y4162-66

8 Pg 96 YS124
YS106-24

3-4 Fg 74 YS476-YSS03
3-8 m 93

Mean
SD
cv

72.0% Mean
19.4% SD
0.269 cv

96.3%
11.2%
0.116

E-47
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TABLE E-11. PARS ON PUFs (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #n)

Dibenzo(ah)anthracene

6 erg 43 6 Pg 105

6pg ' 83 6 /a 107

6 Pg 112
6 Pg 83 6 Irg 100

6 p(9 83 8 w 97

1-l rg 74
l-3 Pg 103

Mean .73*0% Mean 99.7%
SD 20.0% SD 12.3%
cv 0.274 CV 0.124

Benzo(shi)Derrlene

6 c(g 45 6 P3 96

6 m 131 6 Pg 103

6 m 105
6 erg 79 6 m 110

6 Pg 79 8 Pg 112

3-4 Pg 76
3-g P9 111

Mean
SD
cv

83.5% Mean
35.5% SD
0-42s CV

101.9%
12.7%
0.12s

Y1643-48, Y1712
Y1876-83, Y2008-18
Y2549-52, Y2671-84
Y3090-Y3100
Y4682
Y3279-81, Y3292-93
Y3644-48
Y4OSO-73, Y4162-66
YS124
Y5106-24
YS476-YSS03

Y1643-48, Y1712
Y1876-83, Y2008-18
Y2549,-52, Y2671-84
Y3090-Y3100
Y4682
Y3279-81, Y3292-93
Y3644-48
Y4050-73, Y4162-66
YS124
Y5106-24
Y5476-YSS03

E-48
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TABLE E-12. PUF TRAVEL SPIKE RECOVERIES

Theo. Amt. Amt. Found % Recovered Saike #

Nanhthalegg

2-4 Pg
2-4 c1g
2-4 Pg
2-4 Peg
2.4 p9
4-8 Pg

3.6 Peg 150
3.0 Pg 125
2-2 ccg 92
s-2 Pg 217
3-a pg is8
6-l Irg 127

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpikeS
LCSpike7

Mean
SD
cv

144.8%
42.2%
0.292

Acewhthvlene

2..3 pg
2-3 Pg
2-J Peg
2-3 PS
2-J Erg
4-6 m

2.3 p9 100
2-2 Pg 96
l-4 Pg 61
3-6 erg 157
2.0 PST 87
4-8 Pg 104

Mean 100.7%
SD 31.4%
cv 0.312

LCSpikel
LCSpike2
LCSpike3
LCSpike4 .
LCSpikeS
LCSpike7

2.1 Pg
2-l Pg
2-l Pg
2-l Pg
2-l Fg
4-2 Pg

Acenanhthene

2-g P9 138
2-a p9 133
1-l Pg 52
3-2 p9 152
2.2 P9 105
4-4 w 105

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpikeS
LCSpike7

Mean
SD
cv

114.3%
35.8%
0.313

E49
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TABLE E-12. PUF TRAVEL SPIKE RECOVERIES (Continued)

eo, Amt. Amt. Found 8 Recovered Snike #

3-l P9
2-6 Irg
l-4 P(9
3.2 flL9
2-2 P3
4.4 F(9

Mean
SD
ml

2-2 Pg
2-2 Peg
2.2 Erg
2-2 rg
2-2 fig
J-4 Irg

4-o PC9
3.5 rg
l-6 PS
3-7 Pg
2.4 ia
4-g Pg

Mea
SD
cv

2-g Irg
2-7 Pg
l-2 P9
3-3 iw
2-2 P9
4-4 Pg

Mean
SD
07

PJ uorene

141
ii8
64

14s
100
100

111.4%
30.4%
0.273

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpikeS
LCSpike7

Pheaanthrene

160
140
64

148
96

100

118.0%
37.1%
0.314

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpikeS
LCSpike7

Anthracene

132
123
55

150
100
100

109.8%
33.2%
0.302

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpike5
LCSpike7

E-50
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TABLE E-12. PUF TRAVEL SPIKE RECOVERIES (Continued)

Amt. RJIJ&Theo. Amt. % Recovered Smike #

2-l fig 2-g Pg
2-l iv3 2-4 P?3
2-l PQ 2-o P9
2-l Pg 3-o F3
2-l Pg 2-o Pg
4-2 Pg J-2 Pg

2.4 m

a

2.4 bs
2-4 rg
2-4 Pg
2-4 ccg
4.8 pg

2-l Pg
2-l Pg
2-l Pg
2-l Peg
2-l w
4-2 Pg

Mean
SD
m

138 LCSpikel
114 LCSpike2
9s LCSpike3

143 LCSpike4
95 LCSpikeS

100 LCSpike7

114.3%
21.5%
0.188

3-4 Pg 142
2-g Pg 121
1.5 /hg 63
3-5 Pg 146
2-2 Pg 92
4.8 pg 100

Mean
SD
cv

110.4%
31.9%
0.289

Benzo(a1anthrancene

3-o PLQ 143
2.4 PS 114
l-4 Pg 67
3-4 Pg 162
2-2 Pg 105
4-6 m 110

Mean
SD
cv

116.7%
33.0%
0.282

E-51
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TABLE E-12. PUF TRAVEL SPIKE RECOVERIES (Continued)

fS a i k e  #

O-8 Irg
O-8 rg
O-8 pg
o-8 p9
O-8 ccg
l-6 peg

l-1 w 138
1-o Pg 119
O-6 w 70
l-2 fig 150
0.7 P!3 91
1 . 5  j&g 94

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpikeS
LCSpike7

Mean
SD
cv

110.2%
30.5%
0.277

l-8 c(g
l-8 Fcg
l-8 w
1-a Pg
1.8 pg
3-5 Pg

Benzo (b) fluoranthene

3-l Pg 141
2-6 fig 118
1,6.~g 73
3-a Fg 173
2-6 ccg 118
5.2 pg 121

Mean
SD
cv

123.9%
32.8%
0.264

enzo(k)fluoraagtheneB

2-7 rg 150
2.1 Pg 117
1-l rg 61
2.6 pg 144
1-s rg 83
3.5 Pg 100

Mean
SD
cv

109.3%
34.7%
0.318

E-52

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpikeS
LCSpike7

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpikeS
LCSpike7
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TABLE E-12. PUF TRAVEL SPIKE RECOVERIES (Continued)

Theo,md. % Recovered SDike #

Benzo(a)nvrene

J-4 P9
3-4 Pg
J-4 erg
J-4 Pg
J-4 Pg
6-8 Pg

4-7 F3 138
3-8 erg 112
1.9 Pg 56
5-J Peg 156
3-2 Pg 94
7.3 Pg 107

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpikeS
LCSpike7

-Mean
SD
cv

110.5%
34.9%
0.316

Indeno(l.2.3-cd)mmene

2-l Pg
2-l P!3
2-l Pg
2-l Pg
2-l a
4-2 Pg

o-7 Pg
o-7 Pg
o-7 Pg
o-7 Pg
o-7 Pg
l-4 Pg

3.2 pg 152 LCSpikel
2-s Pg 119 LCSpike2
l-5 ccg 71 LCSpike3
3.6 .pg -171

k
LCSpike4

2-3 Pg 110 LCSpikeS
4-g tcg 117 LCSpike7

Mean
SD
cv

123.4%
34.9%
0.283

1-l Fg 157
O-6 Pg 91
O-6 Pg 79
l-2 Pg 171
O-8 Pg 117
l-7 Pg 1 2 1

Mean 122.9%
SD 36.1%
CJ 0.294

LCSpikel
LCSpike2
LCSpike3
LCSpike4
LCSpikeS
LCSpike7

E-53+
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TABLE E-12, PUF TRAVEL SPIKE RECOVERIES (Continued)

Amt. Found % Recovered Snike #

lene

2.2 Pg 3-4 ccg 155 LCSpikel
2.2 Irg 2-6 w 118 LCSpike2
2-2 Pg 1.5 ccg 68 LCSpike3
2-2 Irg 3-7 Pg 168 LCSpike4
2-2 Pg 2.4 Peg 109 LCSpikeS
4-3 Irg s-1 Pg 119 LCSpike7

Mean
SD
cv

122.8%
35.4%
0.288
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TABLE E-13. PAHs ONXAD2 TUBES

Desorption Efficiencies Control Recoveries
(Average Percent)

Relevant Samples
(Average Percent) 0A.b #s)

6 pg
6 P3

6 Peg

Mean
SD
cv

6 Pg
6 W'

6 P9

Mean
SD
cv

6 Pg
6 Pg

6 Pg

Mean
SD
cv

37
35

54

42.0%
10.4%
0.249

33
37

57

42.3%
12.8%
0.304

38
38

50

42.0%
6.9%
0.165

Nanhthalene

6 /a 112
3.8 erg 55
3-J w 6
4-2 PS 13
6 w 9

Mean 39.0%
SD 45.4%
cv 1.164

Acenanhthvlene

6 fig 108
3-7 Irg 49
3-2 tcg 13
4.1 P9 116
6 Pg 28

Mean 62,8%
SD 46.8%
cv 0.745

Acenaahthene

6 pg 109
3-3 w 48
2-g Pg 27
3-7 Pg 122
6 m 33

Mean 67.8%
SD 44.4%
cv 0.656.

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y889S

E-55
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TABLE E-13. PAHs ON XAD2 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #8)

6 P9 39
6 w 38

6 erg 52

Mean
SD
a?

43.0% Mean
7.8% SD
0.182 cv

6 rcg 45
6 Pg 40

6 fig 62

Mean.
SD
cv

49.0%.
11.5%
0.235

6 m 43
6 Pg 40

6 Pg

Mean
SD
cv

56

46.3%
8.5%
0.184

Fluorene

6 P8 113
3.4 fig 56
3-O fig 47
3.9 P9 *
6 w 87

75.8%
30.2%
0.398

6 Pg 102
3.9 Pg 62
3.4 P9 71
4-4 PS 116
6 w 58

Mean
SD
cv

81.8%
25.8%
0.315

Antbraceng

6 P9 90
3.5 P!3 60
3-l Pg 52
4-O Pg 119
6-O c1g 58

Mean
SD
cv

75.8%
2 8 . 3 %

0.373

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

l interference

E-56



0 Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91,  5 May - 3 Dee 91Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91,  5 May - 3 Dee 91

TABLE E-13.TABLE E-13. PAHs ON XAD2 TUBES (Continued)PAHs ON XAD2 TUBES (Continued)

Desorption EfficienciesDesorption Efficiencies Control RecoveriesControl Recoveries
(Average Percent)(Average Percent)

Relevant SamplesRelevant Samples
(Average Percent)(Average Percent) (Lab #s)(Lab #s)

Amt. % Amt. %

Fluoranthene

6 PS
6 w

Mean
SD
cv

53 Y1667-69, Y1884-91
47 6 Pg 100 Y2045-53, Y2553-56,

3.4 P9 59 Y2661-88, Y307S-83,
2-g Pg 93 Y3282-86, Y3637-43

89 3-g Pg 98 Y4116-36
6 w 85 Y8895

63.0% Mean 87.0%
22.7%
0.361 g

16.7%
0.192

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y307S-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

54 Y1667-69, Y1884-91
48 6 erg 105 Y2045-53, Y2553-56,

3.8 m 60 Y2661-88, Y3075-83,
3-4 Pg 94 Y3282-86, Y3637-43

92 4-3 Pg 127 Y4116-36
6 P3 77 Y8895

64.7% Mean 92.6%
23.9%

zi
25.7%

0.369 0.278

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

Mean
SD
cv

6 w 47
6 Pg 47 6 Pg 114

3-4 Pg 62
2-g Pg 103

6 w 69 3-8 irg l-35
6 pg *

Y1667-69, Y1884-91Y1667-69, Y1884-91
Y2045-53, Y2553-56,Y2045-53, Y2553-56,
Y2661-88, Y3075-83,Y2661-88, Y3075-83,
Y3282-86, Y3637-43Y3282-86, Y3637-43
Y4116-36Y4116-36
Y8895Y8895

Mean
SD
cv

54.3% Mean
12.7% SD
0.234 CV

103.5%
30.7%
0.296

* interference

E-57
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TABLE E-13. PAHs ON xAD2 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) &ah #s)

Amt. % Amt. %

Chrrsene

6 m
6 PSI

6 I4

Mean
SD
cv

6 m
6 pg

6 pg

Mean
SD
cv

6 Pg
6 w

6 w

Mean
SD
cv

53
42

43

6 Pg 103
l-3 c1g 59
1.1 erg 109
l-4 P!3 l

6 w *

46.0% Mean 90.3%
6.1% 27.3%
0.132 E 0.302

Benzo (b) f luowthene

127
80 6 w 107

3-4 ccg 68
3.0 Peg 113

75 3-g Irg 83
6 Icg 138

94.0% Mean 101.8%
28.7% SD 27.2%
0.305 cv 0.267

52 ‘-43 6 iw 100
2-8 fig 61
2.4 p9 108

30 3.2 pg l

6 Irg 123

41.7% Mean 98.0%
11.1% 26.4%
0.266 0.270

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
X2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

l interference

K-58
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TABLE E-13. PARS ON xAD2 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (IJab #s)

Amt. % Amt. %

6 w
6 P!3

6 )rg

Mean
SD
cv

6 Pg
6 m

6 Pg

Mean
SD
cv

Benzo(a)wrene

43
40 6 erg 92

s-4 Pg 54
J-8 Pg 88

76 6.1 /a 134
6 Pg 155

53.0% Mean 104.6%
20.0% SD 40.0%
0.377 cv 0.382

no(l.2.3-cd)Dvrene

48
38 6 P9 110

3-4 P9 62
2-g P9 100

56 3-8 Pg 111
6 w 78

47.3% Mean 92.2%
9.0% SD 21.5%
o-190 Cv 0.233

Dibenzo(ahIanthracene

52
37 6 Fg 103

1.1 Pg 63
1.0 Pg 110

58 1.3 Pg 111
6 P9 83

49.0% Mean 94-O%
10.8% SD 20.7%
0.221 cv 0,220

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y2661-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

Y1667-69, Y1884-91
Y2045-53, Y2553-56,
Y26-61-88, Y3075-83,
Y3282-86, Y3637-43
Y4116-36
Y8895

E-59
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TABLE E-13. PAHs ON xAD2 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant'Samples
(Average Percent) (Average PerCMt) Gab #s)

Amt. % t. %

Benzo(shi)Dervlene

6 fig 53 Y1667-69, Y1884-91
6 w 47 6 c(g 103 Y2045-53, Y2553-56,

3.4 fcg 62 Y2661-88, Y3075-83,
3.0 Pg 113 Y3282-86, Y3637-43

6 Pg 61 a.9 Irg 127 Y4116-36
6-O rg 87 Y8895

Mean 53.7% Mean 98.4%
SD 7*0% SD 25.0%
cv 0.131 cv 0.254

E-60
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TABLE E-14. XAD2 TUBES, TRAVEL SPIKE RECOVERIES

Theo. Amt. Amt. Found % Recovered Swike #

Nawhthalene

2-4 Peg 3.8 /w 158 LCSpikel
2.4 Pg 3.4 Pg 142 LCSpike2

Acenawhthvlene

2-3 Pg
2-J Pg

6-O m 261
4.3 Pg 187

LCSpikel
LCSpike2

2.6 erg 124
l-8 pg 86

LCSpikel
LCSpike2

Fluorene

* P9
:

2-2 2.2 w LCSpikel
pg

3.0 3.0
erg

136 136
LCSpike2

.  . ..-
Phenanthrene

2-s P(9
2-s Pg

3-6 Pg 144
3-g Pg 156

LCSpikel _
LCSpike2

Anthraceng

2-2 Pg 3-3 Pg 150 LCSpikel
2.2 Pg 3.6 PS 164 LCSpike2

E-61
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TABLE E-14. xAD2 TUBES, TRAVEL SPIKE RECOVERIES (Continued)

eo. Amt. % Recovered SwikP #

2-l Pg
2-l  ccg

2-6 erg 124
f - 7  rg 271

LCSpikel
LCSpike2

2.4 fig 2-5 Peg 104 LCSpikel
2-4 Pg 4.3 c(g 179 LCSpike2

Benzo(a)anthrancene

2-l  Pg
2-l  Pg

4.0 ccg
O-6 w

190 LCSpikel
30 LCSpike2

O-8 /a
0;8 pg

2-2 P9
2-2 c(9

2.3 pg 288
O-8 rg 104

vB

3.2 p(9 145
2.4 pg 109

LCSpikel
LCSpike2

LCSpikel
LCSpike2

E-62
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TABLE E-14. XAD2 TUBES, TRAVEL SPIKE RECOVERIES (Continued)

Theo,gecovered

Benzo(k)fluorwthen

Snike #

J-2 Irg 178
7-4 Pg 411

LCSpikel
LCSpike2

Benzo (a)wvreng

3-4 Pg J-3 Pg 97
3-4

LCSpikel
Pg J-8 P9 112 LCSpike2

Indeno(l.2.3-cdjwvrene

2-l P9 1-g Pg 90
2-l erg 1.4 erg 67

LCSpikel
LCSpike2

Pibenzo(ah)anthracene

0.7 Pg 1.2 F9 171
o-7 Pg

LCSpikel
1-s Irg 214 LCSpike2

.
Benzo tshi)servlene

2-2 Pg 2.2 Pg 100
2-2 2-2

LCSpikel
w Pg 100 LCSpike2

E-63
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TABLE E-15. PAHs ONXAD2 CARTRIDGES

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #.a)

% %

28

72

58

89

90

83

87

84

91

94

Naahthalene
9 erg 71

2-MethvlnaDhthale  e
3.2 pg 66n

J-MethvJnaDhthalene
5-8 m 130

henvl
9 Pg 78

2.6-Dimethvlna~hthale~
9 Pg 81

AcenaDhthalee
9 fig 79

ubenzofuran
9 Pg 79

Fluorene
9 IF3 76

Phenanthreng
9 Pg 73

23680-83, 24078-91,
24152-59, 24302-15

83680-83, 24078-91,
24152-59, 24302-X

23680-83, 24078-91,
24152-59, 24302-15

Z3680-83, 24078-91,
24152-59, 84302-15

Z3680-83, 24078-91,
24X2-59, 24302-X

23680-83, 24078-91,
24152-59, 24302-15

23680-83, 24078-91,
24152-59, 24302-15

Z3680-83, 24078-91,
24152-59, 24302-15

23680-83, 24078-91,
24152-59, 24302-15

Z3680-83, 24078-91,
24152-59, 24302-15
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TABLE E-15. PAHs ON XAD2 CARTRIDGES (Continued)

Desorption Efficiencies Control Recoveries ReleMnt Samples
(Average Percent) (Average Percent) (Lab #s)

91

91

96

94

92

96

86

100

96

92

Anthracene
9 Pg 74

Carbazole
g/a 72

Fluoranthene
9 Pg 71

23680-83, 24078-91,
24152-59, 24302-X

23680-83, 24078-91,
24X2-59, 24302-X

23680-83, 24078-91,
24X2-59, 24302-15

-
9 erg 72 23680-83, 24078-91,

Z4152-59, 24302-15

Benzo(alanthrace e
9 Pg 72n

Chrvsene
9 P9 74

Benzo(h)fluoranthene
9 Pg 71

sghen
9 Pg 80

Benzo(e)Dvrene
9 Pg 76

Benzo(a)nvrene
9 PS 76

23680-83, 24078-91,
24152-59, 24302-15

23680-83, 24078-91,
24152-59, 24302-15

23680-83, 24078-91,
24152-59, 24302-15

23680-83, 24078-91,
24152-59, 24302-15

23680-83, 24078-91,
24152-59, 24302-15

23680-83, 24078-91,
24152-59, 24302-15

E-65
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TABLE E-15. PAHs ON X202 CARTRIDGES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent 1 (Lab #s)

Indeno(l.2.3-cd)wrene
10 Pg 94 9 Pg 78 23680-83, 24078-91,

X4152-59, 24302-15

Dibenzo(ah)anthracene
10 Irg 94 9 Fg 78 23680-83, 24078-91,

24152-59, 24302-15

Benzn(ahi)bervlene
10 Peg 93 9 rcg 78 23680-83, 24078-91,

24152-59, 24302-15
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TABLE E-16. PAHs ON XAD2 CARTRIDGES, FIELD SPIKE RECOVERIES

Theo- Amt. Amt. Found % Recovered SDike #

NaDhulene

13 I(g
12 Pg
14 Pg

13 Irg
12 Pg
14 Irg

13 Pg
12 Pg
14 Pg

13 Pg
12 Pg
14 Pg

13 Pg
12 Pg
14-pg

39 m
35 Pg
25 pg

13 Pg
14 PB
15 w

13 l(g
23 Pg
20 Pg

11 PS
22 erg
20 ILg

12 Pg
26 c1g
23 pg

11 ccg
13 Pg
15 Pg

300 m-02
292 m-01
178 m-04

AcenaDhthalene

100 XAD-02
117 m-01
107 m-04

Acenaahthene

100 m-02
192 m-01
143 W-04

Flumen%

85 m-02
183 m-01 .
143 XAD-04

Phenanthrene

92 xX0-02
217 x?!D-01
164 XAD-04

thxacene

85 m-02
108 XAD-01-r
107 m-04

W-01 and W-04 were cartridges which were spiked in the field
with analyte PAHs and then air sampled for 24 hours, m-02 was
also spiked in the field but had no air pulled through it-

K-67
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TABLE E-16. PAHs ON XAD2 CARTRIDGES, FIELD SPIKE RECOVERIES '
(Continued)

Snike #

13 P9 11 Pg
12 fig 72 peg

6:: m-02
m-01

14 Pg 20 fig 143 XAD-04

Pvrene

13 Pg 12 rcg 92 w-02
12 rcg 35 PS 292 m-01
14 ccg 16 F9 114 W-04

B*nzo(aJ~&ac~
.

13 Irg 12 erg 92 XAD-02
12 Pg 11 ccs m-01
14 rg 13 ag

ii
m-04

Chrvsene

13 Pg 11 erg 85 AD-02
12 Pg 11 Pg 92 m-01
14 Pg 14 P9 100 m-04

Benzo(b)fluorantheae

13 Peg 12 Pg 92 m-02
12 PS 12 P9 100 XAD-01
14 Pg 14 P9 100 m-04

mUrlflluoran+hene

13 P9 11 Pg 85 m-02
12 Pg g-7 Pg 81 XAD-01
14 w 12 irg 86 w-04

n-01 and XAD-04 were cartridges which were spiked in the field
with analyte PAHs and then air sampled for 24 hours. XAD-02 was
also spiked in the field but had no air pulled through it.
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T2iBLE E-16. PAHs ON XAD2 CARTRIDGES, FIELD SPIKE RECOVERIES
(Continued)

Theo. Amt. Amt. Found % Recovered Snike #

Benzo(a)Dvrene

13 Pg 12 PSI 92 XAD-02
12 erg 10 Pg 83 xm-01
14 Pg 13 Pg 93 m-04

13 erg 12 ia 92 m-02
12 Peg 11 Irg 92 m-01
14 m 13 Pg 93 m-04

Qibenzo(a.h)anthracene

13 Pg 13 erg 100 m-02

0..
12

rcg Pg
12

Pg Pg
100 m-01

14 14 100 m-04

Benzo(u.h.i)nemleae

13 )rg 12 Peg 92 m-02
12 Pg 11 erg 92 XAD-01
14 Peg 13 Pg 93 m-04

l m-01 and W-04 were cartridges which were spiked in the
field with analyte PAHs and then air sampled for 24 hours.
XAD-02 was also spiked in the field but had no air pulled through
it.

l �
/I
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TABLE E-17, PAHs ON ORB0 43 TUBES

Deeorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

Mean
SD
cv

6 w 88
4 Pg 128
4 ccg 130
6 rg 83
6 Irg 87

4 Pg 90
6 w 85

97
72

135
88
93

98
93

92
116
123
93

9’:
95
88
93
87

96.8% Mean 100.2%
14.9% SD 11.3%
0.154 CT7 0.113

Naahthalene

1 erg 104 YO897-YO900
Y1097-99

6 Pg 11.0 Y1570-89
6 w 73 Y1805-18
6 rg 102 Y2054-67
6 iw 107 Y2591-Y2606
6 Peg 107 Y2607
6 /w 108 Y2725-38
5.2 pg 112 Y2994-Y3001
8 tig 73 Y3002
6 rg 107 Y3310-25
5 Pg 93 Y9066-69

Y9731-34
14 F9 107 Y9968-71
6 PS 98 ZO817-21

10 Irg 97 21200-03
4 Pg 98 21617-20
4 Pg 102 22703-05
6 Pg 104 22987-93
6 Pg 102 23243-47

Acenanhthvlene

1 ccg 100 YO897-YO900
Y1097-99

6 w 90 Y1570-89
6 PS 65 Y1805-18
6 pg 106 Y2054-67
6 Pg 110 Y2591-Y2606
6 P(9 113 Y2607
6 w 115 Y2725-38
5.2 pg 112 Y2994-Y3001

E-70
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TABLE E-17. PARS ON ORB0 43 TUBES (Continued)

Desorption Efficiencies Control Recoveries ReleMnt Samples
(Average Percent) (Average Percent) Gab #s)

% Amt. %

Acenanhthvlene (Continued)

6 Pg 88
6 m 107
6 pg 118
6 fig 92
6 erg 88
4 w 82
4 m 92
4 Pg 88
6 c(g 93
6 w 83

Mean
SD
cv

6 erg 100
6 m 58

6 Pg 83
6 P9 96
6 Pg 118
6 m 90
6 Irg 88
4 Psg 88
4 Pg 102
4 Pg 92

95.4%
15.5%
0.163

88
l

121
85
85

8 Irg 70
6 m 103
5 fig 86

14 Irg 107
6 Pg 98

10 P9 98
4 Pg 95
4 Pg 100
6 P9 100
6 pg 100

Mean 98.2%
SD 14.0%
cv 0.142

w

1 Pi 112

6 m *
6 w 80
6 Irg 91
6 )rg 82
6 m 57
6 m 87
5.2 pg 115
8 Pg 60
6 pg 114
5 w 98

14 Pg 100
6 erg 97

10 Pg 89
4 PS 90
4 Pg 100

Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
20817-21
21200-03
21617-20
22703-05
22987-93
23243-47

YO897-YO900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-Y3001
Y3002
Y3310-25
Y9066-69
Y9731-34
Y9969-71
20817-21
21200-03
2X617-20
22703-05
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TABLE E-17. PAHs ON ORB0 43 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relewnt Samples
(Average Percent) (Average Percent) (Lab #s)

6 erg
6 erg

Mean
SD
cv

93
83

91.9%
14-f%
0.158

Acenan .mnued)

6 Pg
6 w
6 Pg
6 w
6 m
4 PS
4 Pg
4 rg
6 /a
6 m

Mean

E

94
48
128
85
87

92
82

85
105
118
90
88
80
90
88
92
80

90.1% Mean 101.6%
16.9% SD 18.9%
0.188 cv 0.187

6 F9 98 22907-93
6 Pg 102 23243-47

Mean 92.5%
SD 16.3%
cv 0.177

F l u - = -

1 ccg

14 Pg 107
6 m 97

10 Pg 96
4 Pg 98
4 P9 102
6 pg 104
6 erg 108

104

159
65

102
107
100
107
110
70

104
88

YO897-YO900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-Y3001
Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
20817-21
21200-03
21617-20
22703-05
22987-93
23243-47

+ interference
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TABLE E-17. PAHS ON ORB0 43 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent), (Lab #s)

Amt. % Amt. %

Phenanthrene

6 Pg 82
4 w 48
4 Pg 115
6 erg 80
6 w 85

6 w 79
6 w 100
6 Irg 113
6 w 85
6 w 85
4 1(g 75
4 Pg 85
4 Pg 82
6 Peg 87
6 Pg 75

Mean
SD
cv

6 P9 90
4 w 32
4 PLQ 118
6 Pg 78
6 rg 83

4 PLg

88
77

84.8% Mean
15.1% SD
0.178 cv

88

1 ccs 108

6 pg 143
6 Pg 70
6 Irg 104
6 Ia 108
6 pg 100
6 m 107
5.2 pg 110
8 Irg 70
6 ia 104
5 Pg 86

14 P9 107
6 pg 97

10 ccg 96
4 Irg 95
4 Pg 102
6 Pg 102
6 fig 105

100.8%
15*9%
0.157

Anthracene

YO897-YO900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-Y3001
Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
X0817-21
21200-03
21617-20
22703-05
22987-93
23243-47

1 P9 108 YO897-YO900
Y1097-99

6 P3 t Yl570-89
6 m 67 Y1805-18
6 P3 104 Y2054-6'7
6 m 108 Y2591-Y2606
6fig 100 Y2607
6 m 107 Y2725-38
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TABLE E-17. PAHs ON ORB0 43 TUBES (Continued)

Resorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #sl

6 P9 78
6 w 98
6 Irg 110
6 rg 83
6 /a 82
4 P9 72
4 PS 05
4 P9 80
6 Irg a7
6 m 73

Mean 83.1%
SD 18.1%
cl? 0.217

Anthrawne( C o n t i n u e d )

75

86
55

1lJ.
73
a2

82
73

72
93

108
80
s2
70

5.2 pg 113 Y2994-Y3001
8 El 70 Y3002
6 m 104 Y3310-25
5 Irg 86 Y9066-69

Y9731-34
14 Pg 107 Y9968-71

6 w 20817-21
10 Irg ii 21200-03
4 ag 95 21617-20
4 Pg 102 22703-05
6 Pg 102 22987-93
6 )rg 105 23243-47

Mean 98.2%

it
12.9%
0.131

Fluoranthene

1 Pg 108 YO897-YO900
Y1097-99

6 pg 119 Y1570-89
6 rcg 68 Y1805-18
6 Pg 105 Y2054-67
6 Pg 108 Y2591-Y2606
6 I3 107 Y2607
6 Icg 103 Y2725-38
5-2 Peg 112 Y2994-Y3001
8 pg 70 Y3002
6 PCB 105 Y3310-25
5 Peg 88 Y9066-69

Y9731-34
14 PLg 107 Y9968-71
6 erg 20817-21

10 Pg 21200-03

l outlier (interfering peak)

E-74



Final Rpt, Kuwait Oil Fire HW, No. 39-26L192-91,5 May - 3 Dee 91

TABLE E-17. PAHs ON ORB0 43 TUBES (Continued) d

J-

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (IJab #s)

4 Pg
4 Pg
6 P3
6 PQ

Mean

E

6 w
4 Irg
4 Pg
6 peg
6 cr!?

4 Pg
6 Pg

6 fig
6 Pg
6 c(g
6 pg
6 c(g
4 Pg
4 erg
4 w
6 Pg
6 w

Mean
SD
cv

Fluoranthene (Continued)

82 4 PB 88 21617-20
78 4 Pg 95 22703-05
83 6 c(s 97 22987-93
70 6 erg 100 23243-47

81.2% Mean 98.3%
13.6% SD 13*4%
0.167 cv 0.136

Pvreng

1 Pg 104
84
43

102
70
72

80
78

59
90

103
73
77
65
78
.75
78
65

6 Ia 146
6 Pg 70
6 Pg 108
6 ps 123
6 P9 120
6 Pg 100
5-2 P9 113
8 m 70
6 Pg 105
5 Pg 86

107
95
94
90
98
98

105

YO897-YO900
Y1097-99
Yl570-a9
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-Y3001
Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
20817-21
21200-03
21617-20
22'703-05
22987-93
23243-47

76.0% Mean 101.8%
14.5% SD 18.0%
0,191 cv 0,177

* interference
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TABLE E-17. PA& ON ORB0 43 TUBES (Continued)

Deeorption Efficiencies Control Recoveries Relemnt Samples
(Average Percent) (Average Percent) Gab #s)

t. % t. %

4 Pg 62
6 Pg 70

6 erg
6 fig
6 ia
6 Pg
6 Irg
4 Pg
4 Pg
4 Pg
6 I4
6 fig

Mean 71.6% Mean 97.5%
SD 15.1% SD 28.6%
cv 0.211 cv 0.293

4 tig 65
6 erg 70

82
64

105
43
53

67
93
90
72
73
65

6':
75
58

W
27

112
60
72

Benzo(a)anthraceae

1 fig 180

6 /a 35
6 rg 62
6 w 95
6 Irg 100
6 rg 107
6 Pg 92
5-2 ccg 113
8 Pg 70
6 /w 102
5 Irg 84

14 Pg 114
6 erg 93

10 P9 97
4 Pg 92
4 Pg 102
6 /a 107
6 Pg 110

Cbrvsene

1 Pg 116

6 pg *
6 m 57
6 Peg 94
6 /a 102
6 m 93
6 Irg 105
5.2 pg 113

YO897-YO900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-Y3001
Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
20817-21
21200-03
81617-20
22703-05
22987-93
23243-47

YO897-YO900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-Y3001
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TABLE E-17. PAHs ON ORB0 43 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (IJab #s)

6 m
6 Irg
6 w
6 )rg
6 w
4 Pg
4 Pg
4 ccg
6 Pg
6 m

Mean 70..9% Mean
SD 17.6% SD

. cv 0.248 CV

6 PSI 68
4 Pg 48
4 Pg 90
6 w 57
6 c(g 67

4 w 62
6 erg 55

64
85
92
62
73
62
72
70
75
60

Chrvsene (Continued)

8 PB 75
6 w 100
5 c(g 85

14 Pg 120
6 m 85

10 Pg 90
4 Pg 95
4 Fg 100
6 pg 102
6 erg ,108

96.5%
15.5%
0.161

38
77
88
63
65
52

Benzo(b)fluoranthene

6 pg 101
6 PL9 67
6 /w 100
6 erg 110
6 w 100
6 Icg 110
5-2 P9 119
8 w 75
6 rcs 89
5 Pg 85

112

114
90

100

Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
20817-21
21200-03
21617-20
22703-05
22987-93
23243-47

Yoa97-Yo900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-Y3001
Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
20817-21
21200-03

l outlier (interfering peak)
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TABLE E-17. PAHs ON ORB0 43 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (La+ #a)

;Ben nti

68 4 Pg 92 21617-20
62 4 Irg 105 82703-05
68 6 erg 103 22987-93
52 6 Irg 112 23243-47

63.5% Mean 99.1%
13.3% SD 13.9%
0.209 cv 0.140

enzo(k)fluorg.ntheneB

6 w
4 Pg
4 ccg
6 pg
6 Pg
6 erg
4 Pg
6 Pg

6 erg
6 /w
6 m
6 m
6 w
4 rg
4 Pg
4 Pg
6 m
6 c1g

Mean
SD
cv

1 ccg
67
54
90
57
65

107
62
57

6 w 88
6 Pg 67
6 ILg 100
6 w 110

58
78
87
63

:i
65
62
68
53

113
112
70

102
82

14 Pg
6 P9

10 erg
4 Irg
4 rg
6 P9
6 w

114

f"6
92

105
103
110

65.2% Mean 98.4%
10.8% SD 14.5%
0.165 cv 0.147

112 YO897-YO900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-Y3001
Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
20817-21
21200-03
21617-20
22703-05
22987-93
23243-47
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TABLE E-17. PAHs ON ORB0 43 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

6 erg 59
4 Pg 27
4 w 80
6 ccg 50
6 Irg 60

4 Pg 55
6 Irg 48

Mean 54.8% Mean 101.4%
SD 12.7% SD 18.3%
cv 0.232 cv 0.180

4 Pg 60
6 PS 50

37
47
75
53
57
50
62
60
65
47

Benzo(alavrene

1 Pg 116

6 w 145
6 Pg 67
6 fig 97
6 erg 108
6 Pg 107
6 Irg 112
5.2 pg * 115
8 Irg 73
6 m 102
5 Pg 85

120
90
96
88

100
92

113

57
72
92
37
50

116

52
50
92
90

127
103
119

YO897-YO900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-Y3001
Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
20817-21
21200-03
21617-20
22703-05
22987-93
23243-47

YO897-YO900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38,
Y2994-Y3001
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TABLE E-17. PAHs ON ORB0 43 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (&lab #s)

6 w
6 Irg
6 PS
6 rcg
6 m
4 Peg
4 rug
4 Pg
6 Irg
6 m

Mean
SD
cv

6 ccg
6 Irg
6 Pg
6 Pg
6 Pg
4 c(g
4 Pg
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TABLE E-17. PAHs ON ORB0 43 TUBES (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

4 w 50 4 Pg 100 22703-05
6 Pg 50 6 P(9 107 22987-93
6 m 37 6 w 117 23243-47

Mean 49.1% Mean 95.9%
SD 9.2% SD 17.8%
cv 0.188 cv 0.185

Indeno(l.2.3-cd)wrene

4 Pg 50
6 m 45
8 m 80
6 w .50
6 w 67
6 m 72
6 pg 52
6 Pg SS
4 Pg 45
4 Pg 62
4 w 55
-6 P3 57
6 w 45

Mean
SD
cv

52
42
75
47
57

54.6% Mean
9.6% SD
0.177 cv

6 )rg 80
6 Irg 67
6 rg 96
6 m 108
6 w 93
6 P9 113
5.2 Peg 119

6 m 95
5 Pg 81

14 Pg 114
6 irg 88

10 Pg 96
4 irg 88
4 P9 100
6 Pg 105
6 w 107

116

97.0%
14.6%
0.150

YO897-YO900
Y1097-99
Y1570-89
Y1805-18
Y2054-67
Y2591-Y2606
Y2607
Y2725-38
Y2994-.Y3001
Y3002
Y3310-25
Y9066-69
Y9731-34
Y9968-71
20817-21
21200-03
21617-20
22703-05
22987-93
23243-47



f

Final Rpt, Kuwait Oil Fire HLW No. 39-26-L192-91,5  May - 3 Dee 91

TABLE E-18. PAHs ON PTFE FILTERS

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) aah #s)

% Amt. %

4 Pg

6 Pg
6 Irg
4 Pg
6 fig
6 pg
6 /w
6 rg
6 w
4 w
6 PS
6 Pg
4 P9
6 fig
4 cg

Mean
SD
cv

4 Pg 64

6 Icg 103
6 m 97
4 ccg 88
6 fig 92
6 ccg 98
6 pg 90
6 Pg 89
6 m 112
4 erg 48

*

107
90
81
92
97
92
86

117
60
73
88
80
93
82

88.4%
13.9%
0.157

pJgahthalen?

6 m + YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38

5-2 pg 73 Y2994-Y3002
6 ccg 117 Y3310-25
6 /w 74 Y5131-39
4.8 ccg 85 Y6551-59
5 erg 87 Y7410-14
7 Pg 60 Y8466-74,Y9062-65
4 P9 65 Y9745-48

Y9983-86,ZO795-99
21196-99
21637-40
22721-24
z2994-z.3000
23217-47

Mean 80.1%
SD 18.9%
cv 0.236

Acemghthvlu

6 ccg 126 YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38

5.2 pg 9 4 Y2994-Y3002
6 ia 120 Y3310-25
6 Pg 107 Y5131-39
4-8 rcg 92 Y6551-59
5 Pg 109 Y7410-14
7 Pg 93 Y8466-74
4 Pg 95 Y9745-48

Y9983-86,20795-99

l interference
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TABLE E-18. PAHs ON PTFE FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

t. % %

AcenaDhthvlene tpontinued)

6 Pg
6 Pg
4 Pg
6 ILg
4 rcg

Mean
SD
cv

4 Pg

6 Irg
6 P9
4 Pg
6 /e
6 pg
6 m
6 P3
6 Pg
4 Pg
6 Pg
6 Yg
4 Irg
6 Peg
4 ILg

Mean
SD
cv

63 21196-99
87 21637-40
82 22721-24
93 z2994-23000
80 23217-47

85.7%
19.0%
0.222

Mean 104.5%
SD 13.2%
07 0.126

Acenanhthene

*

90
125
86
90

100
92

102
112
50
63
88
92
93
88

6 ccg l YO897-YO904,

Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38

5.2 Pg 96 Y2994-Y3002
6 Irg 130 - Y3310-25
6 m 109 Y5131-39
4.8 ps 92 Y6551-59
5 Pg 109 Y7410-14
7 P9 96 Y8466-74
4 Peg 102 Y9745-48

Y9983-86,20795-99
21196-99
21637-40
22721-24
z2994-23000
23217-47

90.8% Mean 104.9%
21.4% SD '12.9%
0.235 cv 0.123

l interference
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TABLE E-18. PAHs ON PTFE FILTERS (Continued)

Deeorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) uab #s)

Amt. % Amt. %

4 Pg

6 iw 103
6 erg 97
4 Pg 96
6 rcg 88
6 pg 100
6 Peg . 92
6 erg 94
6 irg 115
4 Irg 70
6 P9 78
6 /w 92
4 P9 90
6 pg 96
4 Icg 88

Mean

E

4 PC9

70 6 ccg

5.2 pg
6 /w
6 P9
4.8 /w
5 Icg
7 fig
4 Pg

120 YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38

98 Y2994-Y3002
113 Y3310-25
113 Y5131-39
92 Y6551-59

109 Y7410-14
99 Y8466-74

105 Y9745-48
Y9983-86,20795-99
21196-99
21637-40
22721-24
z2994-z3000
23217-47

9 1 . 3 % Mean 106.1%
13.6% SD 9.4%
O-149 cv 0.088

mthrene

84

105
97
98
90

100
92
96

118
85

6 KI

5.2 P!T
6 Pg
6 pg
4.8 jig
5 Pg
7 !a
4 I'g

107 YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38

102 Y2994-Y3002
112 Y3310-25
111 Y5131-39
92 Y6551-59

109 Y7410-14
100 Y8466-74
102 Y9745-48

Y9983-86,20795-99

Fluorene
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TABLE E-18. PAHs ON PTFE FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

6 fig 85 21196-99
6 Pg 93 21637-40
4 Pg 95 22721-24
6 Pg 98 z2994-23000
4 PS 92 23217-47

Mean 95.2% Mean 104,4%
SD 9.9% SD 6.7%
cv 0.104 cv 0.064

4 Pg 94 6 erg 100

6 Irg
6 P3
4 PB
6 Irg
6 Pg
6 erg
6 peg
6 P(9
4 Pg
6 Pg

6 Pg
4 Pg
6 irg
4 Pg

Mean
SD
cv

Phenanthrene (Continued)

Anthracen?

105
97

100
90

102
92
96

118
100
95

102
107
111
90

109
99

102

YO897-YO904,
Y1097-99,Yl570-89,
YUOf-18,Y2054-67
Y2725-38
Y2994-Y3002
Y3310-25
Y5131-39
Y6551-59
Y7410-14 '
Y8466-74
Y9745-48
Y9983-86,20795-99
21196-99

97 21637-40
98 22721-24
90 z2994-23000
95 23217-47

90.5% Mean 102.5%
7.6% SD 6.7%
0.077 cv 0.065
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TABLE E-18. PARS ON PTFE FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

% %

4 PS 94

6 Pg 107
6 w 98
4 rg 102
6 ccg 90
6 m 102
6 fig 88
6 pg 95
6 erg 122
4 P9 100
6 rg 93
6 pg 97
4 P9 100
6 w 98
4 Irg 98

Mean
SD
07

98.9%
9.3%
0.094

98

6 Irg 103
6 rg 102
4 Irg 93
6 erg 90
6 )rg 102
6 m 90
6 c1g 89
6 w 123
4 erg 100

wranthene

6 peg

5.2 peg
6 Irg
6 w
4.8 Pg
5 c(g
7 Pg
4 trg

100 YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38

102 Y2994-Y3002
112 Y3310-25
114 Y5131-39
90 Y6551-59

114 Y7410-14
99 Y8466-74
102 'Y9745-48

Y9903-86,20795-99
21196-99
21637-40
22721-24
22994-23000
23217-47

Mean
SD
w

104.1%
8.5%
0.082

6 w 107 YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38

5-2 K3 106 Y2994-Y3002
6 c(g 88 Y3310-25
6 pg 115 Y5131-39
4-8 E3 90 Y6551-59
5 Pg 112 Y7410-14
7 Pg 101 Y8466-74
4 PCS 102 Y9745-48

Y9983-86,20795-99
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TABLE E-18. PAHs ON PTFE FILTERS (Continued)

Desorption Efficiencies Control Recoveries
(Average Percent)

Relevant Samples
(Average Percent) (Lab #s)

Amt. % Amt. %

Prrene

6 Pg
6 Peg
4 Pg
6 I4
4 Pg

Mean
SD
cv

4 P9

6 rg
6 Irg
4 P9
6 Pg
6 Pg
6 Pg
6 P9
6 Pg
4 Pg
6 m
6 m
4 P9
6 Pg
4 Irg

Mean
SD
cv

93 21196-99
97 21637-40
98 22721-24
96 z2994-23000
98 23217-47

97.5% Mean 102.6%
10.0% SD 9.6%
0.103 Cv 0.094

Benzo (al anthracene

98

103
120
110
98

100
92
95

115
102
100
103
98

102
98

6 Pg 100

98
86

108
90

109
97

105

102.3% Mean
8.5% SD -
0.084 CV

99.1%
8.2%
0.083

E-87

YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38
Y2994-Y3002
Y3310-25.
Y5131-39
Y6551-59
Y7410-14
Y8466-74
Y9745-48
Y9983-86,20795-99
21196-99
21637-40
22721-24
z2994-23000
23217-47



‘Final Rpt, Kuwait Oil Fii H&i No. 39-i&L192-91,  5 May - 3 Dee 91

TABLE E-18. PAHs ON PTFE FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Sam@es
(Average Percent) (Average Percent) aab #al

% Amt. %

4 Pg 98

6 m
6 rg
4 Pg
6 ccg
6 m
6 fig
6 ccg
6 m
4 Pg
6 rg
6 PS
4 El
6 PS
4 Pg

Mean
SD
cv

102
100
102
93

102
82
99

122
90
97

100
100
100
100

99.1% Mean 102.6%
9.7% SD 8.6%
0.097 cv 0.083

Benzo(blfluorant.hene

4 Pg 93

6 erg 105
6 pg 100
4 P!3 105
6 /w 92
6 w 102
6 m 90
6 Irg 99
6 rcg 127
4 Pg 102

107

104
105
115
08

109

6 I4

5-2 Peg 98
6 erg 99
6 Irg 110
4-8 m 90
5 P9 112
7 Pg 99
4 Pg 98

100

YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38
Y2994-Y3002
Y3310-25
Y5131-39
Y6551-59
Y7410-14
Y8466-74
Y9745-48
Y9983-06,20795-99
21196-99
21637-40
22721-24
22994-23000
23217-47

YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38
Y2994-Y3002
Y3310-25
Y5131-39
Y6551-59
Y7410-14
Y8466-74
Y9745-40
Y9983-86,20795-99

E-88



l . Final Rpt,  Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 Dee 91

TABLE E-18. PAHs ON PTFE FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

6 w
6 w
4 Pg
6 kg
4 Fg

Mean
SD
cv

4 P9

Mean
SD
cv

Bwlzo(b)fluoranthene (Continued)

97 21196-99
100 21637-40
102 22721-24
100 z2994-23000
98 23217-47

100.8% Mean 100.8%
9.8% SD 7.1%
0.097 cv 0.070

Benzo(k)fluoranthene

93

107
103
105
93

102
90

101
123
102
97
98

102
100
100

101.1%
8.9%
0.088

6 Fg

5-2 Pg 98
6 Irg 114
6 w 115
4.8 Pg 90
5 Pg 112
7 Irg 99
4 Pg 100

93

Mean
SD
cv

102.6%
9.7%
0,095

E-89

YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38
Y2994-Y3002
Y3310-25
Y5131-39
Y6551-59
Y7410-14
Y8466-74
Y9745-48
Y9983-86,20795-99
21196-99
21637-40
22721-24
z2994-23000
23217-47



Final FQt,  Kuwait Oil Fire HRA No. 39-26L192-91,  5 May - 3 lkc 91

TABLE E-18. PAHS ON PTFE FILTERS (Continued)

Desorption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) uab #s)

t. % Amt. %

6 Pg
6 pg
4 P9
6 Pg
6 PS
6 Irg
6 #g
6 tg
4 Pg
6 iw
6 Pg
4 Pg
6 fig
4 Pg

Mean
SD
cv

4 Pg

Benzola)Dvrene

88 6 w 100 YO897-YO904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67

110 Y2725-38
105 5.2 p9 98 Y2994-Y3002
7s 6 Peg 68 Y3310-25
87 6 fig 106 Y5131-39

103 4-8 /a 92 Y6551-59
90 5 Pg 109 Y7410-14
98 7 erg 97 Y0466-74

118 4 Pg 102 Y9745-48
100 Y9983-06,ZO795-99
98 21196-99

100 21637-40
100 22721-24
102 22994-23000
100 23217-47

98.3% Mean 96.5%
11.8%

E
12.7%

0.120 0.131

o(ah)anthracene

83 6 erg 80 YO897-YO904,
YlO97-99,Y1570-89,
Y1805-18,Y2054-67

110 Y2725-38
97 5.2 fig 106 Y2994-Y3002
80 6 m 120 Y3310-25
88 6 cc9 113 Y5131-39

100 4.8 tig 81 Y6551-59
87 5 Irg 112 Y7410-14
97 7 PC9 94 Y8466-74

128 4 Pg 95 Y9745-48
110 Y9983-86,20795-99

E-90



FhalRpt,KuwaitOilFiiHUNo. 39-26L192-91,5 May - 3 Dee 91

TABLE E-18. PAHs ON PTFE FILTERS (Continued)

Desokption Efficiencies Control Recoveries Relevant Samples
(Average Percent) (Average Percent) (Lab #s)

6 w
6 rcg
4 Pg
6 Pg
4 Pg

Mean
SD
cv

4 Irg

6 m
6 w
4 Irg
6 PS
6 pg
6 Pg
6 PS
6 /a
4 ccg
6 /a
6 m
4 P9
6 m
4 c(g

M@aXl
SD
cv

DibenzokhIanthracene  (Continued)

100 21196-99
107 21637-40
108 22721-24
100 22994-23000
102 23217-47

99.8% Mean 100.1%
14.3% SD 15.0%
0.143 cv 0.150

BenzoCshi)nenrlene

89

103
98

106
92

100
78
99

137
102
100
88

105
98
95

93 Yo897-Yo904,
Y1097-99,Y1570-89,
Y1805-18,Y2054-67
Y2725-38

98 Y2994-Y3002
107 - Y3310-25
111 Y5131-39
94 Y6551-59

110 Y7410-14
100 Y8466-74
102 .Y9745-48

Y9983-86,20795-99
21196-99
21637-40
22721-24
22994-23000
23217-47

99.3% Mean 101.9%
14.7% SD 6-9%
0.148 cv 0.068



Final Rpt, Kuwait Oil Fire HM No. 39-264192~91,5 May - 3 m 91

TABLE E-18. PAHS 0N PTFE FILTERS (Continued)

Desorption  Efficiencies Control Recoveries - ReIwant Samples
(Average Percent) (Average Percent1 mb #s)

6 fig 103
6 rcg 100
4 Pg 106
6 Pg 88
6 pg 98
6 rg 92
6 Pg 96
6 rg 121
4 PSI 102
6 Irg 95
6 rg 110
4 Pg 102
6 Pg 98
4 Pg 98

Mean
SD
cv

89

Indeno(l,2.3-cd)nmene

6 fig 93

5.2 Pg 98
6 m 112
6 c(s 112
4.8 erg 92
5 Icg 109
7 Peg 99
4 Pg 100

99.9% Mean 101.9%
9.6% SD 8.1%
0.097 cv 0.079

yaa97-YO904,
Yla47-99,Y1570-89,
Y1885-18,Y2054-67
Y2725-38
Yi!Z994-Y3002
BZlO-25
Y5:131- 39
Y6551-59
Y74lO-14
Y0466-74
Y9745-48
Y99&3-86,20795-99
28X96-99
U63?-40
ZZ721-24
~994-23000
z3217-47



Final Rpt, Kuwait Oil Fire HRA No. 39-2&L192-91,  5 May e 3 Dgc 91

TABLE E-19. PTFE TRAVEL SPIKE RECOVERIES

Theo. Amt. Amt. Found % Recovered SDike #

Nanhthalenc

2.4 m l-2 Pg 5d
2-4 Pg CO.8 pg c34
2.4 pg co.8 pg c34

LCSpikel
LCSpike2
LCSpike3

Mean WA
SD N/A
cv N/A

Acenaghthvlene

2.3 pg
2.3 erg
2-3 Pg

o-5 ccg 23
co.4 pg <17
co.4 pg cl7

Mean N/A
SD N/A
cv N/A

LCSpikel
LCSpike2
LCSpike3

2-o Pg co.8 pg
2.0 Pg CO.8 pg
2.0 erg ~0.8 pg

2-2 Pg
2-2 w
2.2 Pg

Mean
SD
cv

l-4 Er
o-7 Pg
0.7 PS

Mean
SD
cv

<40
c40
<40

N/A
N/A
N/A

LCSpikel
LCSpike2
LCSpike3

64
33
33

43.3%
17.6%
0.406

LCSpikel
LCSpike2
LCSpike3

E-93



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5  May - 3 Ib 91

TABLE E-19. PTFE TRAVEL SPIKE RECOVERIES (Continued)

2-5 Pg 2-l Irg a4
2-5 Irg O-9 Pg 37
2-5 Fg 1.3 P9 52

LCSpikel
LCSpike2
LCSpike3

Mean
SD
cv

57.6%
24.1%
0,418

2.4 fig
2*4 Pg
2.4 pg

Anthracene

1.7 P9 77
l-4 erg 64
l-5 Irg 68

M e a n
SD
cv

69.7%
6.9%
0.100

Pluoranthene

1.6 Irg 76
O-7 m 33
l-2 %I 57

Mean
SD
cv

55.6%
21.5%
0.386

2.0 Irg 83
O-8 P!3 35
l-4 Pg 58

LCSpikel
LCSpike2
LCSpike3

LCSpikel
LCSpike2
LCSpike3

LCSpikel
LCSpike2
LCSpike3

Mean 58.8%
SD 24.4%
cv 0.415

E-94



a
Final Rpt,  Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 kc 91

TABLE E-19. PTFE TRAVEL SPIKE RECOVERIES (Continued)

Theo. Amt. Amt. Found % Recovered Snike #

Beazo(alanthracen?

2-l Pg
2-l P9
2-l P9

2-l Pg 100
l-7 fig 81
l-4 P9 67

LCSpikel
LCSpike2
LCSpike3

Mean
SD
cv

82.5%
16.7%
0.203

Chrvsene

2.2 bg
2-2 Peg
2.2 P!3

l-8 m
l-8 erg
l-8 w

l-1 Pg 138
1-o )rg 125
1-o Pg 125

LCSpikel
LCSpike2
LCSpike3

Mean
SD
cv

129.2%
7.2%
0.056

2-o Irg 91
l-9 Pg 86
2-o Pg 91

LCSpikel
LCSpike2
LCSpike3

Mean
SD
cv

89.4%
2.6%
0.029

Benzo(kIfluora,nthene

l-6 Pg 89
l-6 m 89
l-6 w 89

LCSpikel
LCSpike2
LCSpike3

Mean
SD
cv

89.0%
0.00%
0.000

E-95



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5  May - 3 lk 91

TABLE E-19. PTFE TRAVEL SPIKE RECOVERIES (Continued)

*cwer& Snike #

Benzo (a) mrene

3-4 Pg
3.4 erg
3-4 tcg

3-4 Pg 100
3.2 pg 94
3-5 rcg 103

Mean 99.0%
SD 4.5%
cv 0.045

Dibenzo(ah)anthracene

LCSpikel
LCSpike2
LCSpike3

O-7 Pg
Q-7 Pg
o-7 Peg

2.2 rg
2-2 c(g
2.2 erg

2-l  Pg
2-l  P9
2-l w

O-6 Pg 91
o-5 Pg 76
O-6 Irg 86

Mean 84.3%
SD 8.0%
cv 0.094

mm

2-l Pg 95
2-2 Pg 100
2.1 Pg 95

Mean 97.0%
SD 2.6%
cv 0.027

Indeno(l.2.3-cd)nwene

2-o PCS 95
l-9 PS 90
l-9 c(g 90

Mean 92.1%
SD 2.8%
cv 0.030

LCSpikel
LCSpike2
LCSpike3

LCSpikel
LCSpike2
LCSpike3

LCSpikel
LCSpike2
LCSpike3

E-96



FinalFinal Rpt,  Kuwait Oil Fire KFM No. 39-2&L192-91,5  May - 3 Dee 91Rpt, Kuwait Oil Fire KFM No. 39-2&L192-91, 5 May - 3 Dee 91

TABLE E-20. SEMIVOLATILES IN SOILSTABLE E-20. SEMIVOLATILES IN SOILS

44
76
62
77
62
74
69
79
s9
55
65
62
63
50
67
61
59
66
29
68
45
75
42
89
73
74
68
55
58
60

Surrogate Recoveries (%ISurrogate Recoveries (%I

pRLpRLNBZNBZ FBPFBP TPHTPH LL

46 50 19* 3131 3535 Y2165Y2165
81 85 71 7777 7s7s Y2166Y2166
6 9 83 58 6666 5454 Y2167Y2167
89 99 68 7575 7676 Y2168Y2168
77 90 61
82 104 65 z:z: 63 6563 65 Y2169 Y2170Y2169 Y2170
75 91 57 5555 5454 Y2171Y2171
82 120 69 7474 2525 BLANKBLANK
65 74 54 6161 5555 Y2172Y2172
67 70 53 5555 5050 Y2173Y2173
74 83 61 6767 6161 Y2174Y2174
70 91 62 6868 6969 Y2175Y2175 --
79 98 31 19*19* 9"9" Y2176Y2176
5a 76 46 5353 2525 Y2177Y2177
76 103 18 6*6* 3*3* Y2176dupY2176dup
70 89 57 6060 2*2* BLANKBLANK
65 76 57 6363 5151 Y2178Y2178
69 83 56 6060 4949 Y2179Y2179
27f 42 14* 21*21* 4*4* Y2180Y2180
69 83 46 5656 3939 Y2181Y2181
SO 66 28 -32-32 2*2* Y2183Y2183
83 95 55 6161 0*0* BLANKBLANK
51 67 13* 12*12* OfOf Y2184Y2184
90 12‘2 64 9090 8080 Y2185Y2185
84 99 66 7575 4646 Y2186Y2186
80 98 64 7777 5151 Y2187Y2187
77 95 64 6969 2323 Y2188Y2188
63 76 53 6161 15*15* Y2189Y2189
70 82 53 6161 2222 Y2189MY2189M
65 88 53 6363 2727 Y2189MDY2189MD

Compound QC LimitsQC Limits
NBZ = Nitrobenzene-d5 2323 -- 120120
FBP = 2-Fluorobiphenyl 3030 -- 115115
TPH = Terphenyl-dl4 1818 -- 137137
PHL = Phenol-d5 2424 -- 113113
2FP = 2-Fluorophenol 2525 -- 121121
TBP = 2,4,6-Tribromophenol 1919 -- 122122

l Values outside EPA CLP required QC limits.l Values outside EPA CLP required QC limits.
Surrogates diluted out of Y2182.Surrogates diluted out of Y2182.

E-97E-97



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91,  5 May - 3 Des:  91

TABLE E-20. SEMIVOLATILES IN SOILS (Continued)

Surrogate Recoveries 1%)

NB_zTPH S

31 33 41
64 67 94
66 76 ss
76 82 73
70 7s 73
39 46 41

3"; 49 72 63 82
51 65 52
62 70 69
37 50 77
48 64 37
62 72 43
46 54 36
68

ii
101

57 80
62 76 97
46 56 70'
56 70 87
69 82 129
57 66 103
63 81 126
62 74 131
56 r 70 130
61 71 128
63 76 108
79 80 89
96 106 103
87 110 114
88 110 106

Compound
NBZ = Nitrobenzene-d5
FBP = 2-Fluorobiphenyl
TPH = Terphenyl-d14
PHL = Phenol-d5
2FP = 2-Fluorophenol

28
51
75
83
76
38
67
43
54
54
40
28
34
25
80
67
72
34
48
74
62-
78
68
62
63
75
78
90
79
81

35
45
60
74
67
36
62
41
51
41
31
27

:t*
73
64
66
18*
25
80
64
77
72
60
60
73
77
89
83
86

12*
Of

76
79
72
39
31
13*
32
29

2':
35
21
61
57
68
24
19
77
62
76
75
74
49
49
66
54
64
64

Qc L i m i t s
23 - 120
30 - 115
.18 - 137
24 - 113
25 - 121

TBP = 2,4,6-Tribromophenol 19 - 122

Y2190
BLANK
Y4846
Y4847
Y4848
Y4849
Y4850
Y4851
Y4852
Y4853
Y48S4
Y4050M
Y485OMD
BLANK
Y6705
Y6706
Y6707
Y6708
Y6709
ZOO90
zoo91
zoo92
zoo93
zoo94
BLANK
BLANK
BLANK
20684
ZO684MS
Z0684MSD

* Values outside EPA CLP required QC limits,
Surrogates diluted out of Y6710-14.

E-98



Surrogate Recoveries (%)Surrogate Recoveries (%I

BBNBZNBZ PP PHPH Lab #sLab #s

2068520685
Z0685REZ0685RE
2068620686
ZO686REZO686RE
2068720687
2068820688
ZO688REZO688RE
ZO689ZO689
2069020690
ZO69OREZO69ORE
2069120691
ZO691R.EZO691R.E
2069220692
2069320693
2069420694
2069520695
BLANKBLANK
2069620696
2069720697
2069820698
ZO698REZO698RE
2069920699
Z0699REZ0699RE
2070020700

.. 2070120701
2070220702
INST BLKINST BLK
BLABKBLABK
2070320703
2070420704
zo704Mszo704Ms

88
86
87
92
86
88
88
86
74
78
79
85
89
91
86
83
76
66
80
93
92
88
85
87
79
78
90
74
83
75
79

96
92

E
97
94
93
96

104
92
98
87
92
93
89
a7
89
72
91
94
92
93
88
92
82
84
92
79
93
88
82

129
123
113
122
103
135
106
101
108
129
98

108
109
113
93
95

8 7
109
127
128
123
121
110
109
108
109
104
116
101
86
87

88
85
82
86
84
85
85
84
73
76
75
81
86
85
85
85
76
60
73
82
9 3
76
85
46
69
75
41
71
76
79
78

Compound
NBZ = Nitrobenzene-d5
FBP = 2-Fluorobiphenyl
TPH = Terphenyl-dl4
PHI! = Phenol-d5
2FP = 2-Fluorophenol
TBP = 2,4,6-Tribromophenol

87
84
82
86
82
83
85
82
72
72
78
79
85
84
83
84
71
60
69
81
88
75
83
30
70
71
61
65
73
78
79

69
76
84
71
78
79
85
84
69
82
57
7s
86
76
79
85
81
46
65
85
79
76
73
35
81
92
52
70
84
79
83

QC Limits
23 - 120
30 - 11s
18 - 137
24 - 113
25 - 121
19 - 122

Final Rpt, Kuwait Oil Fire HLU No. 39-2GL192-91,5  May - 3 Dee 91Final Rpt, Kuwait Oil Fire HLU No. 39-2GL192-91,5  May - 3 Dee 91

TABLE E-20.TABLE E-20. SEMIVOLATILES IN SOILS (Continued)SEMIVOLATILES IN SOILS (Continued)

* Values outside EPA CLP required QC limits.

E-99



Final Rpt, Kuwait Oil Fire HRA No. 39-2GL192-91,  5 May - 3 m 91

TABLE E-20. SEMIVOLATILES IN SOILS (Continued)

Surrogate Recoveries (%I

NBmP

69
75
77
77
74
63
69
80
76
76
79
66
78
74
70
64
67
65
77
76
67
87
78
84
88
78
78
83
88
84
81
83

83
85
9 1
79
82
67
76
81
79
82
84
74
91
88
80
68
78
77
84
84
77

106
93

ii:
88
90
87
89
79
84
86

84 75 72
89 77 74
76 79 79
96 19* lo*
70 76 74
55 7* 7*
72 Of 0*
97 37 41

109 73 68
113 63 53
122 70 65
83 47 34
93 30 31
98 34 33
86 77 76
72 60 61
B8 66 66
93 64 64
86 77 77
88 67 60
80 61 62
97 45 34
94 76 76
99 72 68

102 81 78
123 79 81
121 78 84
100 83 81
103 87 83
105 72 71
92 80 74
95 83 77

Compound QC Limits
NE2 = Nitrobenzene-d5 23 - 120
FBP = 2-Fluorobiphenyl 30 - 115
TPH = Terphenyl- d14 18 - 137
PHL = Phenol-d5 24 - 113
2FP = 2-Fluorophenol 25 - 121

89
91
87
8*

81
2*
Of

47
52
27
36
44
35
28

::
71
76
76
51
64
32
77
56
68
81
84
84
89
74
67
97

TBP = 2,4,6-Tribromophenql 19 - .122

Z0704MSD
20705
20706
20707
BLANK
Z0707RE
zo707RERE
20708
20709
20710
20711
20712
20713
zo713RE
20714
20715
Z0716
20717
BLANK
20718
20719
20720
20721
20722
20723
20724
Z0724RE
Z0724DL
BLANK
BLANK
SBl
SBlMS

l Values outside EPA CLP required QC limits.

E-100



Final Rpt, Kuwait Oil FireHRANo. 39-26L192-;I,5 May - 3 Dee 91
> . .

TABLE E-20. SEMIVOLATILES IN SOILS (Continued)

Surrogate Recoveries (%I

NBZ FBP TPH P H L 2FP TBP Lab #s

96 87 98 84
102 91 101 82
113 104 110 81
110 107 112 77
89 91 99 al
91 94 103 87
90 92 97 83
97 97 ii8 87
56 56 65 51
95 94 122 83
39 45 52 40
55 57 71 - 56
68 71 104 70
70 73 89 68
69 72 86 60
72 72 87 63
67 69 85 65
71 71 87 69
70 71 90 66
71 72 89 66
64 66 87 59
70 103 171 l 8 *
64 110 193 * 10 l
73 78 99 4f
71 87 115 13 l
65 67 91 41
54 88 136 13 l
87 90 90 80

79 84 84 64

Compound
NBZ = Nitrobenzene-d5
FBP = 2-Fluorobiphenyl
TPH = Terphenyl-d14
PHL = Phenol-d5
2FP = 2-Fluorophenol
TBP = 2,4,6-Tribromophenol

al 96 SBUGD
81 79 21664
86 78 21665
78 61 21666
78 72 21667
82 81 21668
80 69 21669
82 80 21670
50 43 21671
71 56 Z1666RE
40 34 Z1671DL
49 51 BLANK
62 56 BLANK
63 65 26819
46 29 z5819Ms
53 -38 26819MSD
55 51 26820
64 71 26821
60 49 26822
55 35 26823
55 53 26824
6 " 2f 26825

12 l 10 * Z6825RE
0 l 0 * 26826

11 * 3f Z6826RE
29 6* 26827
14 l 5f Z5827RE
79 73 26828
46 24 26829

QC Limits
23 - 120
30 - 115
18 - 137
24 - 113
25 - 121
19 - 122

* Values outside EPA CLP required QC limits.

E-101



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5  May - 3 Der: 91

TABLE E-21. SOIL SEMIVOLATILES MATRIX SPIKE RECOVERIES (s;)

Compound M MDTTE' M MDUP M MDUP

Phenol 58 64 58 75 64 66
2-Chlorophenol 54 56 57 73 66 66
1,4-Dichlorobenzene 58 58 54 74 76 76
N-Nitroso-di-n-propylamine 64 66 65 81 71 71
1,2,4-Trichlorobenzene 50 54 54 67 82 al
4-Chloro-3-methylphenol 54 58 55 64 57 58
Acenaphthene 56 60 61 75 86 al
4-Nitrophenol o* o* 48 59 39 41
2,4-Dinitrotoluene 42 40 55 65 75 74
Pentachlorophenol o* o* 48 61 97 97
Pyrene 64 72 64 77 116 104

Relevant Samples
(Lab #s)

Y2165-
Y2190

Y4846-
y4851

ZO684-
20724

dompound QCLIMITS

Phenol 26 - 90 -%
2-Chlorophenol 25 - 102
1,4-Dichlorobenzene 28 - 104
N-Nitroso-di-n-propylami 41 - 126
1,2,4-Trichlorobenzene 107
4-Chloro-3-methylphenol i: - 103
Acenaphthene 31 - 1 3 7
4-Nitrophenol

2': -
114

2,4-Dinitrotoluene 89
Pentachlorophenol 17 - 109
Pyrene 35 - 142

M = Matrix Spike MD = Matrix Duplicate Spike

l Values outside EPA CLP required QC limits.

E-102



l Final Rpt, Kuwait Oil Fire HW, No. 39-26L192-91, 5 May - 3 Dee 91

TABLE E-21. SOIL SEMIVOLATILES MATRIX SPIRE RECOVERIES (%I

Cwrnound M MDUP M MDUP M MIX@

Phenol
2-Chlorophenol
1,4-Dichlorobenzene
N-Nitroso-di-n-propylamine
1,2,4-Trichlorobenzene
4-Chloro-3-methylphenol
Acenaphthene
4-Nitrophenol
2,4-Dinitrotoluene
Pentachlorophenol
Pyrene

66 35 65 66 57 62
59 50 63 65 48 53
69 27* 71 77 64 67
63 38* 65 66 69 72
72 23f 77 83 67 69
63 33 66 67 58 62
75 19* 80 al 71 71
67 50 70 65 79 82
74 47 86 83 68 68
76 47 84 77 85 88
76 36 89 93 74 76

Relevant Samples
(Lab #s)

ZO684- 21664-
20724 21671

Z6819-
26831

Compound QC LIMITS

Phenol 26 - 90 %
2-Chlorophenol 25 - 10.2
1,4-Dichlorobenzene 28 - 104
N-Nitroso-di-n-propylami 41 - 126
1,2,4-Trichlorobenzene 38 - 107
4-Chloro-3-methylphenol 26 - 103
Acenaphthene
4-Nitrophenol

31 - 137
11 - 114

2,4-Dinitrotoluene 28 - 89
Pentachlorophenol 17 - 109
Pyrene 35 - 142

M = Matrix Spike MD = mtrix Duplicate Spike

* Values outside EPA CLP required QC limits.

E-103



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91,s  May - 3 Dee 91

TABLE E-22. TENAX CARTRIDGES FOR TOl.

Control Recoveries

Lab
Spike Amt.

BZ
%

EB
%

Relevant Samples
(Lab #s)

150 ng 100 140 113
300 ng 100 137 103
400 ng 98 130 95
500 ng 110 132 112
300 ng 100 123 103
250 ng 92 120 88
150 ng 93 120 87
400 ng 113 130 113
300 ng 153 107 153
200 ng 120 140 120
350 ng 91 123 91
150 ng 93 127 93
350 ng 114 126 106
350 ng 88 131 83
200 ng 100 130 90
300 ng 100 140 97
750 ng 90 128 88
400 ng 100 132 93
400 ng 95 122 88
150 ng 100 127 100
350 ng -83 123 80
150 ng 93 133 120
750 ng 83 129 92
350 ng 86 134 80
600 ng 95 138 95
400 ng 83 132 92
250 ng 92 120 92
500 ng 98 140 96
400 ng 80 ii8 82
500 ng 86 140 96
600 ng 93 127 89
750 ng 84 113 95
SO0 ng 92 132 94
400 ng 108 140 108
250 ng 96 136 100

BZ - benzene
EB- ethyl benzene
HPT - n-heptane

E-104

Y2144-64
n

Y2576-79
Y2689-98

n
Y3023-39

n
Y3270-78

”
Y3654-61

n
Y3982-Y4016
Y4144-61
Y4698-Y4722

I
Y5077-YS105

n
Y5505-37

n
Y6039-48

n
Y7387-92
Y8186-91
Y8192-97
Y8199-Y8203
Y8204-09
Y8499-OS
Y8506-12
Y8513-20
Y8909-13
Y8914-19
Y9081-86
Y9087-93
Y9810-18
Y9804-09



Final Rpt,  Kuwait Oil Fire HIM No. 39-26L192-91,5  May - 3 Dee 91

TABLE E-22. TENAX CARTRIDGES FOR TO1 (Continued)

Control Recoveries

Spike Amt.
BZ

%
EB

%
Relevant Samples

(Lab #s)

400 ng
250 ng
400 ng
600 ng
500 ng
600 ng
500 ng
200 ng
500 ng
500 ng
600 ng
150 ng
350 ng
500 ng
600 ng
400 ng
500 ng
600 ng
500 ng
600 ng
400 ng
250 ng
500 ng
600 ng
200 ng
300 ng
600 ng
400 ng
500 ng
250 ng
150 ng
350 ng

110 202 # 125
108 148 111
78 128 80
83 113 87

100 146 102
97 142 110

100 152 106
90 125 120
82 136 86
80 130 80
73 115 70
87 127 87

103 146 106
88 136 90
75 127 68
9s 162 88

100 140 86
80 133 98
76 114 76
82 122 85
72 125 80
76 120 84
76 134 72
77 140 80
80 125 90
63 123 63
95 155 89
94 158 88
86 138 92
92 132 100
173 # 140 180 #
83 117 80

20039-44
20045-50
20051-57
20058-64
20065-71
21229-33
21234-40
21519-22
21665-63
22061-67
22068-74
22078-83
22075-77
22511-18

z2c:3-g5
23025-29
23031-3s
23037-42
23044-49
23248-52
23254-58
23365-70
23372-78
23697-3708

"
24040-50

n
24059
24282-87
24288-4301

"

# = outlier
BZ - benzene
EB - ethyl benzene
HPT - n-heptane

E-105



Final Rpt, Kuwait Oil Fire HU No. 39-26-Ll92-91, 5 May - 3 I)ec 91

TABLE E-22. TENAX CARTRIDGES FOR TO1 (Continued)

Control Recoveries

Snike Amt.
BZ EB

% % %
Relevant Samples

(Lab #w)

600 ng
500 ng
750 ng
400 ng
400 ng
250 ng
250 ng
600 ng
SO0 ng
750 ng
300 ng

77
112
107
85
92

i3"
80

104
76
73

113
156
160
112
138
116
128
120
150
123
123

78
110
103
102
98
92
93
77 '

114

9';

Mean
SD
cv

89.1% 130.5% 92.4%
23.6% 20.3% 22-43
0.266 0.156 0.243

25366-79
n

25380-83
25674-85

n
25686-94
25694-97
25914-17
25918-23
25924-29
26533-41

#- outlier
BZ - benzene
EB- ethyl benzene
HPT - n-heptane

E-106



0 Final  Rpt, Kuwait Oil Fire HU No. 39-2&L192-91,s  May - 3 Dee 91

TABLE E-23. TENAX CARTRIDGES FOR TO1

Control Recoveries-

Lab TOL MPXYL OXYL Relevant Samples

150 ng 113 113
300 ng 103 10s
400 ng 100 111
500 ng 112 120
300 ng 107 108
200 ng 100 100
150 ng 93 107
400 ng 125 114
300 ng 143 95
200 ng 135 120
350 ng 97 104
150 ng 100 113
350 ng 114 109

l < 350 200 ng ng 100 115 114 110
!' * 3D0 ng 107 116

750 ng 98 113
400 ng 110 109
400 ng 100 101
150 ng 107 110
350 ng 94 117
150 ng 107 113
750 ng 101 107
350 ng 97 108
600 ng 97 100
400 ng 98 101
250 ng 104 104
500 ng 108 110
400 ng 85 98
500 ng 100 110
600 ng 102 117
750 ng 99 93
500 ng 94 110
400 ng 112 102

l double amount for m/p xylenes.

TOL - toluene

0

MPXYL- m/p xylenes
O X Y L - o-xylene

i+..

E-107

113
107
110
108
103
100
107
100
113
115
103
107
106
108
110
112
105
108
100
107
94

120
105
108
117
102
96

114
95

110
107
95

104
115

Y2144-64
n

Y2576-79
Y2689-98

n
Y3023-39

n
Y3270-78

n
Y3654-61

11
Y3982-Y4016
Y4144-61
Y4698-Y4722

I
Y5077-Y5105

n
YSS05-37

"
Y6039-48

n
Y7387-92
Y8186-91
Yai92-97
Y8199-Y8203
Y8204-09
Y8499-0s
Y8506-12
Yas13-20
Y8909-13
Y89i4-19
Y9081-86
Y9087-93
Y9810-18
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Final Rpt, Kuwait Oil Fire HM No. 39-26-L192-91,5  May - 3 Dee 91

TABLE E-23. TENAX CARTRIDGES FOR TO1 (Continued)

Control Recoveries

TOL MPXYL
mt * % %

250 ng 100 106
400 ng 138 175#
250 ng 116 124
400 ng 93 109
600 ng a7 92
500 ng 102 110
600 ng 103 108
500 112ng 120
200 ng 100 105
500 ng 98 120
500 ng 94 110
600 ng 100
150 ng

f :
103

350 ng 108 124
500 ng 100 130
600 ng 90 100
400 ng 112 125
500 ng 104 110
600 ng 100
500 ng t: 96
600 ng 90 100
400 ng 90 95
250 ng aa 90
500 ng 90 110
600 ng 88 100
200 ng 165 98
300 ng 77 95
600 ng 94 125
400 ng 94 124
500 ng 84 100
250 ng 112 118
150 ng 80 120

350 ng 86600 ng 92 ;2'

l double amount for m/p xylenes.

TOL - toluene
MPXYL- m/p xylenes
OXYL- o-xylene

El08

OXYL Relevant Samples

112 Y98Op-09
172# 20039-44
144 20045-50
108 20051-57
90 20058-64

112 20065-71
115 21229-33
126 21234-40
100 21519-22
128 21665-63
110 Z2061-67
95 22068-74

100 22078-83
111 z2075-77
118 22511-18
110 Z2683-95
138 Ii
116 23025-29
105 23031-35

ii 23037-42 23044-49
98 23248-52
92 23254-58

112 23365-70
113 23372-78
100 23697-3708
93 II

115 z4040-50

117116 z40;9
128 24282-87
173 24288-4301

I
25366-79



Final Rpt, Kuwait Oil Fire HRA No. 3%26L192-91,s  May - 3 Dee 91

TABLE E-23. TENAX CARTRIDGES FOR TO1 (Continued)

Control Recoveries

TOL MPXYL OXYL Relevant Samples
Snike Amt.* % % % (Lab #s)

500 ng
750 ng
400 ng
400 ng
250 ng
250 ng
600 ng
500 ng
750 ng
300 ng

146
108
98

115
92

109
97

112
89
87

120
120
91

112
92

109
92

110
93

100

132
117
100
122
100
112
97

116
101
110

n
25380-83
25674-85

n
25686-94
25694-97
25914-17
25918-23
25924-29
26533-41

Mean
SD
cv

99.1% 106.7% 108.6%
21.4% 17.0% 18.9%
0.216 0.159 0.174

* double amount for m/p xylenes.
# Outlier.

TOL - toluene
MPXYL- m/p xylenes
OXYL- o-xylene

E-109



Final Rpt, Kuwait Oil Fii HRA No. 39-26L192-91,5  May - 3 Dee 91

TABLE E-24. TO1 TRAVEL CONTROL SPIKES

ChloroforrW n-Heptane Toluene
.

200 nu -Lk!- % % %

Spike 1 100 95 120
Spike 2 47 100 120
Spike 3 100 105
Spike 4 115 90 135
Spike 7 110 105

Mean 87.3% 99.0% 117.0%

E
29.2% 6.6% 11.2%
0.334 0.067 0.096

* Chloroform estimated from TIC scan only, detected but not
TJantified in spikes 3 and 7.

El10



Final Rpt,  Kuwait oil Fire HU No. 39-26L192-91,5 May - 3 Dee 91

TABLE E-25. TENAX CARTRIDGES FOR TO1

Sumogate Recoveries (%) - 200 ng Spikes

) #sB Z E - d 6  CBE-d5 Lab #s

102
al
33*

126
109
234"
269f
99
98
99

105
94

110
107

9 102
94

105
‘\ >..--- 151*

104
114
105
102
99

105
94

103
90
87
85
84

102
91

102
110
121
112

88 Y1649
51* Y1651
27* Y1654
96 Y1656

101 Y1658
89 Y1660
62* Y1662
99 Y1664
95 Y1666
91 50 STD
89 150 STD

103 Y1913
108 Y1915
118 Y1918
93 Y1920

110 Y1923
105 Y1925
95 Y1927

113 Y1930
103 Y1933
98 Y1936

106 Y1938
102 Y1940
103 To1 CHK
95 TolcHK
96 80STD
98 Y2144B
98 Y2145B

112 Y2147A
105 Y2148A
91 Y2149A
04 Y2150A
99 Y2151A

107 Y2152
92 Y2154

121 Y2156

116 130 Y1650
141* 97 Y1652
108 106 Y1655
96 106 Y1657
98 95 Y1659

102 97 Y1661
107 105 Y1663
91 105 Y1665
99 100 BLANK
80 116 100 STD

108 97 800 STD
87 79 Y1914
96 118 . Y1917
40* 48* Y1919
95 101 Y1922
98 78 Y1924

117 78 Y1926
98 -91 Y1928

118 122 Y1932
112 99 Y1934
108 97 Y1937
97 102 Y1939
97 102 Y1941

107 108 mm
73 72 1osTD
84 52* Y2144A
70 88 Y2145A
a7 91 Y2146A
85 101 Y2147B
94 86 Y2148B
61* 78 Y2149B
73 56* Y2150B
94 111 Y2151B

102 106 Y2153
147* 108 Y2155
100 100 Y2157

* Value outside established QC limits.

BZE-d6 = Benzene-d6 QC limit: 68 - 140
CBE-d5 E Chlorobenzene-d5 QC limit: 70 - 138

\.J
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Final Rpt, Kuwait Oil Fire H&i No. 39-26-L192-91,5  May - 3 Dee 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recoveries (%) - 200 ng Spikes

BZB-d6 CBE-d5 #A BZE-d6 CBE-d5 La4 #a

123 114 Y2158
119 100 - Y2160
145* 106 Y2162
96 100 Y2362

115 101 1oosm
113 96 TO1 CEK
105 105 Y2576B
99 108 Y2577B
96 110 Y2579
95 105 Y2689

112 110 Y2691
9,7 105 Y2694

125 95 Y2696
118 93 Y2698
110 111 Y2759
100 100 TO1 CBK
118 126 Y3023B
114 97 Y3025A
89 107 Y3026A

105 117 Y3027
96 103 Y3029
92 97 Y3032
90 102 Y3034

110 97 Y3037
102 110 Y3039
101 104 100 sm
97 98 Y3271A

111 100 Y3272
99 100 Y3274

112 114 Y3276
121 118 Y3278
83 97 Y3649A

151* 108 Y3650
102 102 Y3652
103 106 Y3654
117 105 Y 3 6 5 6

l value outside established QC�limits.

BZE-d6 = Benzene-d6 QC limit:
CBE-d5 = Chlorobenzene-d5 QC limit:

E-l 12

119
117
98
91

113
110
102
93
94
0*

114
99

138f
104
93

115
98

103
96

111

;i
115
97

100
97
98

101
125
154*
112
90

127
130
108
111

68 - 140
70 - 138

119 Y2159
101 Y2161
93 Y2361
98 Y2363

104 TO1 CHK
111 Y2576A
104 Y2577A
95 Y2578
95 TO1 CHK
0* Y2690

109 Y2692
103 Y2695
92 Y2697

101 Y2758
100 TO1 CHK
109 Y3023A
103 Y3024
101 Y3025B
105 Y3026B
109 Y3028 _
108 Y3030
116 Y3033
114 Y3036
95 Y3038

100 TO1 CHK
103 Y3270
104 Y3271B
102 Y3273
115 Y3275
97 Y3277

110 TO1 CHK
103 Y3649B
101 Y3651
107 Y3653
96 Y3655

105 Y3657



Final Rpt, Kuwait Oil Fire HM No. 39-26L192-91,5 May - 3 Dee 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recoveries ($1 - 200 ng Spikes

BZE-d6 CBR-d5 Jab #FI BZE-d6 CBE-d5

114
95

100
110
117
114
103
103
111
105
103
99

122
107
118
101
110
109
54f

118
96

100
106
108
111
96

104
114
113
98

115
100
97
a9

100
91

107
104
100
94
90
93

;i
100
94
95
85
94
99
76

101
100
92
50*

101
119
100
106
112
114
128
105
123
109
101
116
100
102
101
103
100

Y3658 96
Y3660 119

100 STD 104
Y3983 95
Y3985 103
Y39a7 98
Y3989 97
Y3991 97
Y3993 116
Y3995 145*
Y3997 121
Y3999 111
Y4001 91
Y4003 97
Y4005 101
Y4007 113
Y4009 99
Y4011 113
Y4013 107
Y4015 103

100 STD 100
To1 CHK 106
Y4145B 104
Y4147 104
Y4149 104
Y4151 110
Y4153 117
Y4155 119
Y4157 106
Y4159 112
Y4161 120

100 ST0 84
Y4699 108
Y4701 98
Y4703 96
Y4705 90

* Value outside established QC limits.

107 Y3659
119 Y3661
84 Y39a-2
85 Y3984
87 Y3986
96 Y39aa
90 Y3990
89 Y3992

104 Y3994
91 Y3996

103 Y3998
122 Y4000
88 Y4002
97 Y4004

138 Y4006
87 Y4008
93 Y4010
98 Y4012

124 Y4014
96 Y4016

100 100 STD
103 Y4144
95 Y4146

106 Y4148
112 Y4150
112 Y4152
106 Y4154
102 Y4156
117 Y4158
107 Y4160
106 100 sm
93 Y4698

106 Y4700
104 Y4702
105 Y4704
85 Y4706

BZE-d6 = Benzene-d6 QC limit: 68 - 140
CBE-d5 = Chlorobenzene-d5 QC limit: 70 - 138

I--
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Final Rpt, Kuwait Oil Fire HXA No. 39-2GL192-91,5  May - 3 Der:  91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recoveries 1%) - 200 ng Spikes

m-d6CBS* ; #s BZR-d6 cm-d5 Lab #s

0

109
96
97

107
104
105
111
110
102
100
96
92
96
9.9
97

101
98
96

102
98
94

-114
99

102
89

102
109
100
103
109
105
109
100
104
75

104

105
112
113
101
99
97

105
106
98
97
98
75

100
113
99
94

;:
100
107
99

102
120
99
95

102
96
58*
97

104
99

106
107
106

a3
96

Y4707 90
Y4710 99
Y4712 92
Y4714 101
Y4716 114
Y4718 106
Y4720 96
Y4722 102

100 STD 102
Y5077A 98
Y5078B 95
Y5079B 92
Y508OB 92
Y5081B 94
Y5082B 106
Y5084 103
Y5086 97
Y5088 102
Y5090 97
Y5092 120
Y5094 - 96
Y5096 107
Y5098 95
Y5100 94
Y5104 90

100 STD 93
100 sm 110
Y5505B 110
Y5506B 100
Y5508A 125
Y5509A 101

Y5510 107
Y5511B 92
Y5512B 111
Y5513B 94
Y5514B 107

98 Y4708
105 Y4711
97 - Y4713

101 Y4715
97 Y4717
95 Y4719

113 Y4721
97 100 CHE

102 100 STD
94 Y5077B
92 Y5079A
97 Y5080A
98 Y5oau
97 Y5082A
96 Y5083

100 Y5085
99 Y5087

103 Y5089
98 Y5091
98 Y5093
98 Y5095

110 Y5097
106 Y5099
100 Y5102
107 Y5105
101 100 STD
90 Y5505A

105 Y5506A
101 Y5507
125 Y5508B
103 Y5509B
102 Y551JA
95 Y5512A

107 Y5513A
93 Y5514A

106 Y5515

l Value outside established QC limits.

BZE-d6 = Benzene- d6 QC Unit: 68 - 140
CBE-d5 = Chlorobenzene-d5 QC limit: 70 - 138 0

E-114
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Final Rpt,  Kuwait Oil Fire HRA No. 39-26-L192-91, 5 May - 3 Dee 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recoveries (%I - 200 ng Spikes

BZE-d6 Lab #s BZE-d6 CBE-dS Lab #s

113
90

113
111
91

107
67

105
108
99
94

104
110 *
102

e...

102
103
101

L
. ..- 99

106
96

115
89

115
94
89

109
90
79
95
88
91

106
104
113
102
105

110 Y5516A
90 Y5517A

109 Y5518A
100 Y5519A
94 Y5520

106 Y5521B
79 5523B

102 Y552SA
106 Y5527
94 Y5529A
94 Y553lB

104 Y5534
108 Y5536
101 100 STD
107 BLANK
107 BLANK
100 BLANK
103 BLANK
112 Y6039B
113 Y604OB
113 Y6042A
89 Y6044A

110 Y6045A
102 Y6046
107 Y6048
108 BLANK
109 BLANK
132 Y7381B
113 Y7383A
101 Y7384A
107 Y7385
98 BLANK
98 Y7387B
98 Y7388B

102 Y7389B
105 Y7392

90 89
109 110
102 100
121 104
108 106
95 88
9 6 99
108 98
108 98
101 97
106 101
109 108
100 98
100 97
101 102
99 97

101 101
76 76

145* 149*
106 110
102 108
87 107
88 109

107 108
100 93
112 88
102 103
102 133
89 104
92 108

100 100
101 102
105 97
103 101
101 104
99 101

Y5516B
Y5517B
Y5518B
Y5519B
Y552lA
Y5522

Y5524A
YS526B
Y5528B
Y5530A
Y5532
Y5535
Y5537

100 STD
100 STD
100 STD
100 STD
Y6039A
Y6040A
Y6041

Y6042B
Y6044B
Y6045B
Y6047

100 STD
100 STD
Y738l.A
Y7382
Y7383B
Y7384B
100 STD
Y7387A
Y7388A
Y7389A
Y7390A
100 STD

* Value outside established QC limits-

*

BZE-d6 = Benzene-d6 QC limit: 68 - 140
CBE-d5 = Chlorobenzene-d5 QC lhnit: 70 - 138

j.I
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Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,  5 May - 3 Da 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recoveries (%) - 200 ng Spikes

BZE-d6 Cm-d5 Lab #s BXR-d6 CBE-d5 Lab #s

93 89 BLANK
101 109 Y8187A
102 106 Y8188A
94 97 Y8189A

102 109 Y8190
102 102 100 STD
103 112 Y8192
99 101 Y8193B

109 112 Y8194B
106 111 Y8196A
103 104 Y8197A
96 97 100 STD
99 96 Y8198

107 104 Y8199B
116 127 Y8200B
106 97 Y8202A
97 101 Y8203A

101 99 100 sm
96 106 Y8204
97 101 Y8205B

100 106 Y8206B
114 107 Y8207B
99 100 Y8208B

102 102 100 STD
104 103 Y8499A
111 109 Y8501A
101 105 Y8502
111 109 Y8503B
105 106 Y8505
98 92 BLANK

103 107 Y8506B
93 95 Y8508A
89 92 Y8509A

102 107 Y8510A
97 98 100 STD
99 100 Y8513A

103
93
81

100
102
97

112
106
97

105
116
90

110
108
143*
116
113
98

102
106
110
98

106
97

114
111
122
109
92
95

107
106
106
98

104 Y8186
97 Y8187B
83 Y8188B

104 Y8189B
107 Y8191

95 BLANK
101 Y8193A
109 Y8194A
101 Y8195
110 Y8196B
115 Y8197B
85 BLANK

105 Y8199A
115 Y8200A
156* Y82Ol.A
116 Y8202B
120 Y8203B

96 BLANK
103 Y8205A
105 Y8206A
100 Y8207A
102 Y8208A
113 Y8209
95 BLANK

113 Y8499B
110 Y8501B
121 Y8503A
111 Y8504
95 100 STD

101 Y8506A
110 Y8S07A
99 Y8508B

105 Y8509B
115 Y8512
94 BLLANX
99 Y8513B

l Value outside established QC limits.

BZE-d6 = Benzene-d6 QC limit: 68 - 140
CBE-d5 = Chlorobenzene-d5 QC limit: 70 - 138
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Final Rpt, Kuwait Oil Fire HXA No. 39-26L192-91,5 May - 3 Dee 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recoveries (%) - 200 ng Spikes

1BZ - E- -d5 L

89
100
98
94
96

113
61f

109
208*
85

107
106
113
96
97
16*
96

x 106
98

. 95
99

111
106
96
94

109
95
93

103
94

107
94
84
29*

111
110

85 Y8514B 116 113
101 Y8516A 91 92
97 Y8517A 90 92
97 Y8520 102 103
94 BLANK 104 99

111 Y8909B 115 113
55* Y8910B 113 111

106 Y8912A 118 120
214* Y8913 92 95
89 BLANK 99 96

112 Y8914B 102 102
102 Y8916A 98 -95
106 Y8917B 136 127
98 Y8918B 101 106
94 100 STB 97 95
67* Y908lA 100 95
94 Y9082A 105 96

106 Y9083A 102 106
103 Y9084A 97 98
97 Y9085 95 100
98 100 STD 87 88
97 Y9087A 108 106

106 Y9088A 103 103
97 Y9089 108 109
97 Y909OB 109 108

107 Y9091B 103 100
96 Y9092B 103 102
92 100 STD 102 102

108 Y9798 94 100
106 Y9800A 93 107
115 Y9802B 100 100
94 BLANK 120 126
82 Y9805B 169f 153f
23* Y9806B 129 119

110 Y9807B 109 110
115 Y9808B 108 109

* Value outside established QC limits-

BZE-d6 = Benzene-d6 QC limit: 68 - 140
CBE-d5 = Chlorobenzene-d5 QC limit: 70 - 138

Y8515A
Y8516B
Y8517B
100 STD
Y8909A
Y8910A
Y8911
Y8912B
100 STD
Y8914A
Y8915
Y8917A
Y8918A
Y8919
BLANK
Y9081B
Y9082B
Y9083B
Y9084B
Y9086
BLANK
Y9087B
Y9088B
Y9090A
Y909l.A
Y9092A
Y9093
BLIANK
Y9799A
Y98OlA
100 STD
Y9804A
Y9806A
Y9007A
Y9808A
Y9809
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Final Rpt, Kuwait Oil Fire HU No. 3%26L192-91,5 May - 3 Dee 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recoveries (%) - 200 ng Spikes

BZE-dga&#s L

* Value outside established QC limits.

BZE-d6 = Benzene-d; QC limit: 68 - 140
CBE-d5 = Chlorobenzene-d5 QC limit: 70 - 138

87
94

101
117
91

138
100
91
99

101
98
94

109
101
83

102
102
101
114
96
92

108
100
92

111
93

103
103
79

101
92

102
107
92
67*

105

97
99
93

120
89

110
105
103
89

107
106
98

113
88
82

120
101
104
113
88
95

105
101
98

110
103

ii
77

100
93

101
102
100
84

108

100 STD
Y9810A
Y9813B
Y981SA
Y9816
Y9818

200 STD
800 STD
Z0039A
Z0040A
zoo41A
ZOO42

Z0043B
100 STD
20045A
ZOO46A
ZOO47A
Z0048A
Z0049B

100 STD
zoo5lA
Z0052A
ZOO53A
zoos4

Z0056A
zoo57
BLANK
Z0058B
XOOSSB
Z0060B
.Z0062A
ZOO63

100 STD
ZOOGSA
Z0066A
Z0067A

91
103
93
91

102
96

101
86

101

;:
93

112
96

117
118
124
102
124
96
46*

104
72

105
100
97

104
114
100
95
96
95
86

103
99

-104

99
96
88
93
94
97

114
88
96

105
109
100
148*
83

119
99

117
98

130
88
50*

100
84

101
103
86
95

106
99
93
95
94
82

106
105
112

BLANK
Y9812A
Y9814
Y9815B
Y9817
50 STD

400 STD
BLANK
Z0039B
Z0040B
Z0041B
Z0043A
zoo44
BLANK
Z0045B
Z0046B
Z0047B
Z0049A
z0050
BLANK
ZOO518
Z0052B
Z0053B
zoo55

Z0056B
100 STD
Z0058A
Z0059A
Z0060A
ZOO61

Z0062B
ZOO64
BLANK
Z0065B
Z0066B
Z0067B
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Fhal Rpt,  Kuwait Oil Fire HRA No. 39-26L192-91,5 May - 3 Dee 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate.Recoveries (k) - 200 ng Spikes

BZE-d6 CBE-d5 Lab #s BZE-d6 CBE-d5 La& #s

111 114 ZOO68
117 126 Z0070A
104 114 zoo71
92 93 BLLANK
96 96 Z0962B
86 86 Z0963B

107 100 Z0965A
93 101 20966
96 105 20968
92 86 BLANK

109 102 Z1229B
94 94 Z1230B

113 117 Z1231B
114 110 Zl232B
99 91 100 STD
96 107 Z1234A

100 113 Z1235A
107 116 Z1236A

2* 0* 21238
110 125 21240
103 98 Z1519B
88 97 21521

101 103 100 STD
92 102 Z1655A
82 97 Z1656A
91 108 21657
97 116 Z1658B

105 127 Z1659B
123 146f Z1660B
104 126 216616
96 121 21663
93 94 BLANK

113 114 Z2061B
101 109 Z2062B
102 111 Z2064A
108 122 Z2065A

l Value outside established QC limits.

BZE-d6 = Benzene-d6 QC limit:
CBE-df = Chlorobenzene-d5 QC limit:

99 110 Z0069B
110 110 Z0070B
100 100 100 STD
96 99 Z0962A
90 95 Z0963A

101 103 Z0964B
98 98 Z0965B
98 108 20967

105 98 100 STD
97 99 Z1229A

109 109 Z1230A
112 117 Z123lA
131 113 Z1232A
101 114 21233
109 91 BLANK
106 121 Z1234B
103 116 Z1235B
102 113 Z1236B
101 114 21239
93 95 Z1519A

100 106 Z1520A
96 106 21522

100 89 BLANK
103 112 Z1655B
100 106 Z1656B
109 143* Z1658A
99 120 Z1659A

115 134f Zl660A
184* 145* Z166l.A
104 122 21662
103 91 100 STD
97 107 Z206l.A
111 122 Z2062A
93 104 22063

108 122 Z2064B
105 119 ZZ065B

68 - 140
70 - 138
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Final Rpt, Kuwait oil Fire HU No. 39-2&L192-91,5  May - 3 13es: 91

TABLE E-25. TENAX CARmIDGES FOR TO1 (Continued1

Surrogate Recoveries 1%) - 200 ng Spikes

d_6sBZE- Ba d6m CBE-d5 Lab #s

100 113 22066
97 86 100 STD

142* 136 Z2068A
99 104 Z2049B

127 138 22070B
97 104 22071B

112 131 22074
102 91 BLANX
119 110 Z2075B
121 123 22077A
ii4 122 22084

Of 0* BLANK
108 117 220788
125 139 220798
104 107 Z2080B
76 94 Z2081B

100 107 22083
103 96 BLANK
96 95 Z25llB
90 96 Z2512B
85 91 Z2513B
97 97 225148
95 110 Z2515B

106 123 Z2516B
97 .109 22518
99 92 BUNK

115 105 Z2683B
106 105 Z2684B
100 106 Z2685B
133 138 226868
109 114 Z2687B
110 116 Z2688B
107 114 Z2689B
107 100 BLANK
111 113 Z2690B
63' 70 Z2692B

94
100
102
106
110
124
92
88
98

114
88

103
105
96

106
106
87

104
89
76+
82
92

200*
121
101
111
107
83

103
119
94

104
95
95

101
100

119 22067
96 BLANK

108 Z2069A
116 Z2070A
106 Z207l.A
135 22072
90 100 STD
86 Z2075A

103 Z2076B
106 Z2077B
86 100 STD

111 Z2078A
111 Z2079A
100 Z2080A
110 Z208I.A
113 22082
86 100 STD

105 Z2511A
95 Z2512A
90 Z2513A
87 Z2514A

101 Z2515A
227* Z2516A
108 22517
95 100 STD

102 Z2683A
100 Z2684A
99 Z2685A

112 Z2686A
129 Z2687A
102 Z2688A
110 Z2689A
96 100 STD
96 2269 OA
10s Z2691B
104 Z2693A

l Value outside established QC limits.

BZE-d6 = Benzene-d6 QC limit: 68 - 140
CBE-d5 = Chlorobenzene-d5 QC limit: 70 - 138
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l Final Rpt, Kuwait Oil Fire HRA No. 39-26Ll92-91, 5 May - 3 Dee 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recoveries (%) - 200 ng Spikes

BZE-d6 CBE-d5 Lab #s BZE-d6 CBE-d5 Lab #s

99 105 226938
104 118 226948
150* 188f 20942
98 90 100 STD

114 103 23 025A
123 97 2302621
101 94 Z3027A
106 115 Z3028A
lf8* 148* 23029
86 98 100 STD
98 101 z3031A

102 109 Z3032A
119 121 2303321
101 125 Z3034A
137 141* 23035
94 96 100 STD

107 115 Z3037A
97 101 Z3038A
97 101 Z3039A
99 103 Z3040A

109 112 23041
93 95 Z3042B
94 87 100 sm
83 89 Z3044A

109 106 Z3045B
102 97 Z3046B
99 98 230478

103 99 Z3048B
93 96 23050
96 91 BLANK

119 121 Z3248B
95 97 Z3249B

102 110 Z325OB
94 106 23252
94 95 100 STD

115 109 Z3254A

104 117 Z2694A
106 114 22695
111 140f 20948
106 94 BLANK
115 105 Z3025B
124 112 Z3026B
93 108 Z3027B

148* 139f Z3028B
121 118 23030
107 93 BLANK
103 109 Z3031B
118 120 Z3032B
115 114 Z3033B
120 121 Z3034B
130 133 23036
100 99 BLANK
101 104 Z3037B
93 96 Z3038B

105 106 Z3039B
100 100 Z3040B
104 110 23 042A

87 100 23043
92 96 BLANK

101 101 Z3044B
99 96 Z3046A

100 94 Z3047A
96 94 Z3048A

100 111 23049
94 88 100 STD

102 97 Z3248A
104 108 Z3249A
108 111 Z3250A
105 115 Z325l.A
93 110 23253

102 92 BLANX
111 110 Z3254B

* Value outside established QC limits.

BZE-d6 = Benzene-d6 QC limit: 68 - 140
CBE-d5 = Chlorobenzene-dS QC limit: 70 - 138
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Final Rpt,  Kuwait oil Fire HEi No. 39-26L192-91,s May - 3 Jkc 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recoveries (%) - 200 ng Spikes

BZE-d6 #s BZB-d6 Lab #s

112
103
97

133*
103
115
97

109
100
101
92

:o"i-
113
99

102
93

102
95

103
92

103
94
93

107
93

100
81

95
96
93
97

112
102
104
102

118 X3255A
113 Z3256A
107 23257B
155* 23259
99 BLANK

110 23365B
102 23366B
119 233678
113 23368B
113 Z3369B
115 2 3 3 7 1
96 BLANK

106 Z3372B
116 Z3373B
102 Z3374B
104 Z3375B
102 Z3376B
114 23378
90 BLANK

107 Z3698B
84 Z3699B

120 Z3700B
112 23702
104 Z3703B
117 Z3704B
110 Z3705B
124 Z3706B
109 23708
96 BLANK

104 Z4040B
106 24041B
109 Z4042B
121 24045
118 Z4046B
118 Z4047B
117 Z4049B.

94
123
107
92
87

114
108
98

117
102
95

225*
107
123
105
110
106
94

112
171*
103
104
107
88
94
95

110
100
97
97
95

100
110
100
104
109

104
113
123*
89
92

118
113
106
122
114
91

215*
104
113
102
115
112
95

119
155*
114
122
100
95

109
115
116
93

101
110
110
121
119
116
104
118

Z3255B
Z3256B
Z3258

100 STD
Z3365A
Z3366A
2336721
Z3368A
Z3369A
23370

100 STD
Z3372A
Z3373A
Z3374A
Z3375A
Z3376A
23377 .

100 STD
23698A
Z3699A
Z3'700A
23701

Z3703A
Z3704A
Z3705A
Z3706A
23707

100 STD
24040A -

z404LA
24042A
24044
24046A
Z4047A
24049A
24050

l Value outside e'stablished QC limits.

BZE-d6 = Benzene-d6
CBE-d5

QC limit: 68 - 140
= Chlorobenzene-d5 QC limit: 70 - 138
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Final Rpt, Kuwait Oil Fire HRA No. 39-2&L192-91,5  May - 3 Dee 91Final Rpt, Kuwait Oil Fire HRA No. 39-2&L192-91,5  May - 3 Dee 91

TABLE E-25.TABLE E-25. TENAX CARTRIDGES FOR TO1 (ContinuedjyTENAX CARTRIDGES FOR TO1 (Continued)&

SurrogateSurrogate Recoveries (%) - 200 ng SpikesRecoveries (%I - 200 ng Spikes

CBE-d5CBE-d5BZE-d6BZE-d6 Lab #aLab #a BZB-d6BZB-d6 CBE-d5CBE-d5 Lab #sLab #s

100 93 100 sm 9898 Z4051A
112 100 Z405lB 110110 2405221
112 111 Z4052B 107107 Z4054A
122 112 Z4054B 106106 24055
107 108 Z4057A 110110 Z4057B
220* 235f Z4058 119119 24059
94 92 100 STD 9999 BUNK

109 101 Z4282A 9898 Z4282B
97 109 Z4283A 107107 Z4283B

100 107 Z4284A 122122 Z4285B
100 113 24287 8080 100 STD
98 88 BLANK 119119 2428821
98 86 Z4288B 112112 Z4290A
98 86 Z4290B 119119 z429lA

123 116 Z4291B 113113 24293
115 125 z4294A 124124 Z4294B
113 106 242951 110110 Z4296A
114 120 242971 114114 Z4297B
116 124 Z4298A 113113 Z4298B
200f 225* 24300 107107 24301
105 105 100 STD 7676 BLANK
101 102 Z5366A 115115 Z5366B
106 114 ZS367A 123123 Zf367B
121 120 Z5368A 121121 Z5368B
101 117 Z5369A 121121 Z5369B
101 111 25370 8989 100 STB
95 93 BLANK 9898 25371

106 108 Z5372A 110110 Z5372B
113 117 Z5373A 117117 Z5373B
121 124 253743 103103 Z5374B
113 101. 253751 117117 Z5375B
124 115 25376 123123 25377
122 118 Z5378A 113113 Z5378B
121 116 ZS379A 9393 Z5379B
93 94 100 STD 9393 BLANK

105 105 Z5380A 107107 Z5380B

119
106
122
102
106
110
100

E
105
112
121
147*
119
178*
114
111
124
109
95
95

107
123
96

118
95
91

104
119
115
124
121
119
107
96

105

Z4051A
2405221
Z4054A
24055

Z4057B
24059
BUNK
Z4282B
Z4283B
Z4285B

100 STD
2428821
Z4290A
z429lA
24293

Z4294B
Z4296A
Z4297B
Z4298B
24301
BLANK
Z5366B
Zf367B
Z5368B
Z5369B

100 STB
25371

Z5372B
Z5373B
Z5374B
Z5375B
25377

Z5378B
Z5379B
BLANK
Z5380B

l Value outside established QC limits.

BZE-d6 = Benzene-d6 QC limit:
CBE-d5 = Chlorobenzene-d5 QC limit:

68
70

-- 140140
-- 138138
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Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,s May - 3 Dee 91

TABLE E-25. TBNAX CARTRIDGES FOR TO1 (COnt,inued)

Surrogate Recoveries 1%) - 200 ng Spikes

BXR-jBZB-d6 Cm-d5 J& #s

84
111
97
81

110
106
91
89

110
112

;9'
106
96
9s
95
76

110
106
116
97

104
63
94
96

115
125
118
123
99
92

102
124
100
90

104

85
112,
88
9s

100
97
92
83

100
123
89

102
110
109
105
117
90
90

108
117
100
102
66f

102
98
94

106
110
120
88
97

109
122
108
110
94

25381
ZS382B
100 STD
Z5674A
Zf676A
Z5677A
Z5680A
Z568IA
Z5684A
25685

Z5686A
25687A
Z5688B
25690

ZS692A
ZS693A
ZS694A

100 STD
25695

256968
100 STD
Z5914B
Z5915B
25917

100 STD
259198
ZS920B
259218
25923

100 sm
Z5924B
Zf925B
Z5926B
Zf928A
25929

100 STD

* Value outside established QC limits.

108 109 Z5382A
121 123 25383
98 92 BLANK
92 104 Z5674B

114 106 Z5676B
100 98 25679
79 78 Z5680B

102 94 25683
108 101 Z5684B
107 93 100 STD

_ 86 88 Z5686B
91 94 Z5688A
108 113 25689
104 112 Z569IA
92 103 Z5692B

109 116 Z5693B
91 80 BLANK
94 94 Z5694B
106 120 Z5696A
107 117 25697
105 99 Z5914A
99 102 ZS915A
112 116 25916
97 93 BLANK

108 85 Z5919A
106 94 Z5920A
122 122 z592lA
11s 104 25922
104 88 BLANK
182* 207+ Z5924A
98 109 Z5925A

124 114 Z5926A
113 125 25927
99 111 Z5928B
94 88 BLJWK

109 97 Z6533A

BZE-d6 = Benzene-d6 QC limit: 68 - 140
CBE-d5 = Chlorobenzene-d5 QC limit: 70 - 138
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0 Final Rpt, Kuwait Oil Fire HRA No. 39-2GL192-91, 5 May - 3 Dee 91

TABLE E-25. TENAX CARTRIDGES FOR TO1 (Continued)

Surrogate Recweries (%I - 200 ng Spikes

BZE-d6 CBE-d5 Lab #s BZE-d6 Lab #s

109 98
103 101
111 113
119 117
151f 163*
127 x1*
124 108
100 90

Z6533B
Z6534B
Z6535B
Z6536B
Z6538A
Z6539A
26540
BLANK

108 102 Z6534A
120 120 Z6535A
123 118 Z6536A
105 113 26537
110 10s Z6538B
103 116 Z6539B
83 122 26541

117 76 100 STD

Benzene-d6 Chlorobenzene-d5

Mean 103.75% Mean 104.20%
SD 17.90% SD 17.16%
cv 0.1725 cv 0.1647

l.I * Value outside established QC limits.

BZE-d6 = Benzene-d6 QC limit: 68 - 140
CBE-d5 = Chlorobenzene-d5 QC limit: 70 - 138
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TABLE E-26. METALS ON HIGH VOLUME AIR FILTERS

External Quality Controls

Spike Prepped Unspiked Spiked arg t Relevant
gg

Al 24360 0.4 0.7 o-4 75
25464 1.6 2.0 0.4 100
25474 3.7 3.9 0.4 50
25964 0.7 1.1 0.4 100

As Y9829 0.0025 2.0200 2.00 100.9
ZOO76 0.0012 0.8900 1.00 q8.9
20768 0.0021 1.5000 2-00 74.9
.ZO776 0.0020 1.4000 2.00 69.9
21264 0.0039 1.5000 2-00 74.8
21525 0.0016 1.5000 2-00 74.9
22142 0.0019 0.7840 0.80 97.8
24360 <0*0004 0.0180 0.02 90.0
25464 0.0043 0.0239 0.02 98.0
z5474 0.0018 0.0189 O-02 85.5
25964 0.0010 0.0200 0.02 95.0

Be Y9829 0.003 0.041 0.050 75.6
ZOO76 0.003 0.021 0.025 72.8
20768 0.005 0.038 0.050 65.6
Z0776 0.003 0.039 oloso 72.4
21264 co.oo1 0.035 0.050 70.0
21525 <0.001 0.035 O-050 70.0
22142 co.oo1 0.018 O-020 90.0
24360 co.001 0.011 0~010 llO'.O
25464 <O.OOl 0.010 0,010 100.0
25474 <O.OOl 0.010 01010 100.0
25964 <O.OOl 0.010 OIUIO 100.0

Mean 81%
SD 24%
cv 0.29

SD
cv

Mean 84.2%
SD 15.9%
cv 0.189

86.4%
11.1%
0.129

24351-66
25461-80

"

26542-51

Y9819-36
20074-89
20764-94

11
212551ti'
Z1523-
22133-4,
24351-66
25461-80

n
Z59f9-70

Y9819-36
20074-89
20764-94

n

21255-65
21523-25
22133-42
24351-66
25461-80

"
25959-70
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0 Final Rpt, Kuwait Oil Fire HRA No. 39-2GL192-91,5  May - 3 Dee 91

TABLE E-2$. METALS ON HIGti VOLUME AIR FILTERS (Continued)

External Quality Controls

Spike Prepped Unspiked Spiked mg % Relevant

.

*’-<
,I

Ca 24360 2.6 11.0 10.0 84.0
2 5 4 6 4 16.0 27.4 10.0 114.0
25474 18.0 31.0 10.0 130.0
Z5964 11.0 20.3 10.0 93.0

Cd BLK FILTER CO.004 co.004 0.005 0.00 **
Y3105 0.006 0.016 0.010 100.0

Y3124 0.012 0.022 0.010 100.0
Y3739 CO.004 0.012 0.010 120.0
Y4376 0.006 0.024 0.020 90.0
Y4387 co.004 0.022 0.020 110.0
Y4410 co.004 0.021 0.020 105.0
Y4423 0.006 0.020 0.020 70.0 *
Y4429 0.006 0.024 0.020 90.0
Y4465 0.006 0.009 0.010 30.0 **
Y4763 0.005 0.022 0.020 85.0
Y4783 0.008 0.045 0.040 92.5
Y5152 0.004 0.024 0.020 100.0
Y5163 0.009 0.025 0.020 80.0
Y5178 0.013 0.028 0.020 75.0
Y5626 co.004 0.021 0.020 105.0
Y5637 <o-o04 0.005 0.020 25.0 l *
Y5651 co.004 CO.004 0.020 0.0 l *

Y5686 <0*004 0.020 0.020 100.0
Y6475 co.004 0.004 0.020 20.0 **
Y6483 0.006 0.025 0.020 95.0
Y8258 CO.004 0.037 0.040 92.5
Y8546 0.004 0.070 0.040 165.0 **
Y9829 co.004 0.108 0.100 108.0
ZOO76 0.005 0.024 0.025 76.8
20768 co.004 0.108 0.100 108.0
20776 co.004 0.109 0.100 109.0
21264 0.004 0.043 0.100 39.0 l *
21525 co.004 0.040 0.100 40.0 **
22142 0.007 0.026 0.020 95,o
24360 co.004 0.011 0.010 110.0

24351-66
25461-80

"
25959-70

Mean 105.3%
SD 20.7%
cv 0.197

Y1674-80
Y3101-34

n
Y3735-52
Y4360-84
Y4385-434

"
n
n

Y4458-72
Y4760-87

"
Y5148-91

n
"

Y5607-706
n
n
n

Y6461-87
n

Y8241-64
Y8532-48
Y9819-36
20074-89
20764-94

"
21255-65
21523-25
22133-42
24351-66

* Value greater than two standard deviations from mean
;L... ** Outlier, excluded from statistics
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TABLE E-26. METALS ON HIGH VOLUME AIR FILTERS (Continued)

a External Quality Controls

Spike Prepped Unspiked Spiked mrg % Relevant
Param.-1

Cd 25464 eo.004
25474 co.004
25964 co.004

Cr BLK FILTER ~0.008 0.018 0.020
Y3105 0.266 0.096 0.040
Y3124 0.161 0.177 0.040
Y3739 0.012 0.057 0.040
Y4376 0.056 0.120 0.080
Y4387 ~0.008 0.086 0.080
Y4410 0.008 0.100 0.080
Y4423 0.027 0.091 0.080
Y4429 0.072 0.153 O-080
Y4465 0.044 0.054 0.040
Y4763 ~0.008 0.082 0.080
Y4783 0.100 0.255 0.160
Y5152 0.023 0.119 0.080
Y5163 0.073 0.162 0.080
Y5178 0.082 0.162 0.080
Y5626 0.110 0.015 0.080
Y5637 0.028 0.111 0.080
Y5651 0.013 0.090 0.080
Y5686 0.015 0.023 0.080
Y6475 0.022 0.117 0.080
Y6483 0.101 0.075 0.080
Y8258 0.016 0.027 0.016
Y8546 0.019 0.019 0.000
Y9829 0.020 0.182 0.200
ZOO76 0.014 0.082 0.100
20768 0.021 0.178 0.200
20776 0.018 0.172 0.200
21264 0.021 0.188 0.200
21525 0.019 0.179 0.200

0.011 0.010 110.0 25461-80
0.012 0.010 120.0 n
0.009 0.010 90.0 25959-70

Mean

E

97.6%
13,2%
0.135

92-o Y1674-80
0.0 ** Y3101-34

40.0 * n

112.5 Y3735-52
80.0 Y4360-84

107.5 Y4385-434
115.0 n
80.0 "

101.3 n

25.0 ** Y4458-72
102;5 Y4760-87
96.9 n

120.0 Y5148-91
111.3 n
100.0 n

0.0 ** Y5607-706
103.8 n

9 6 . 3 Ii
10.0 ** II

118.8 Y6461-87
0.0 ** "

68.8 Y8241-64
0.0 l * Y8532-48

81.0 Y9819-36
68.0 20074-89
78.5 20764-94
77.0 "
83.5 21255-65
80.0 21523-25

93.9%
19-6%
0.212

Mean
SD
ct.7

* Value greater than two standard deviations from mean
** Outlier, excluded from statistics
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l Final Rptji  Kuwait Oil Fire HRA No. 39-2GL192-91,  S May - 3 Dw: 91

TABLE E-26. METALS ON HIGH VOLUME AIR FILTERS (Continued)

External Quality Controls

Spike Prepped Unspiked Spiked mg % Relevant
Param. Sa.mnle# Alnount Alnolmt d e d  Recovers Sanmles

Fe 24360 0.59 0.60 0.020 50 24351-66
25464 2.10 2.15 0.020 250 Z5461-80
25474 4.90 4.36 0.020 0 n
Z5964 0.86 1.01 0.020 750 ** 25959-70

Mg 24360 0.1 10.0 10.0 99.4 24351-66
25464 3.7 13.3 10.0 96-O 25461-80
25474 5.1 14.3 10.0 92.0 "
25964 1.8 11.6 10.0 98.0 25959-70

Mean 100%
SD 132%
cv 1.32

Mean
SD
cv

96.4%
3.2%
0.033

l * Outlier, excluded from statistics
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TABLE E-26. METALS ON HIGH VOLUME AIR FILTERS (Continued)

External Quality Controls

Spike Prepped Unspiked Spiked % ReleWt

Ni BLR FILTER 0.050
Y3105 0.174
Y3124 0.198
Y3739 0.026
Y4376 0.082
Y4387 0.044
Y4410 <o-o20
Y4423 0.050
Y4429 0.126
Y4465' 0.043
Y4763 0.020
Y4783 0.160
Yf152 0.032
Y5163 0.111
Y5178 0.104
Y5626 co.020
Y5637 0.036
Y5651 s0.050
Y5686 co.020
Y6475 0.036
Y6483 0.117
ya258 0.140
Y8546 0.180
Y9829 co.020
20076 co.020
20768 co.020
20776 co.020
21264 0.130
21525 0.166
22142 0.150
24360 9zo.020
25464 0.078
25474 0.150
25964 0.041

0.059 0.05
0.194 0.10
0.252 0.10
O-110 0.10
0.266 0.20
0.221 0.20
0.200 0.20
0.218 0.20
0.333 0.20
0,119 0.10
0.206 O-20
0.563 0.40
0.258 0.20
0.295 0.20
0.290 0.20
0.204 O-20
0.046 0.20
0.022 0.20
0.217 0.20
0.052 ' 0.20
0.330 0.20
0.680 0.40
0.360 0.20
0.339 0.50
0.181 O-25
0.404 0.50
0.393 0.50
0.765 0.50
0.588 O-50
0.300 0.20
0.066 0.09
0.140 0.08
0.180 0.08
0.092 O-08

Mean
SD
cv

17.6 ** Y1674-80
20-O ** Y3101-34
54.0 l n

84.0 Y3735-52
92.0 Y4360-84
80.5 Y4385-434

100.0 II
84.0 "

103.5 II
76.0 Y4458-72
93.0 Y4760-07

100.7 n
113.0 Y5140-91
92.0 II

9 3 . 0 ”
102.0 Y5607-7C
5.0 ** II

11.0 l *
108.5

8.0 **
106.5
135.0 l
90.0

67.0
72.4
80,8
78.6

127.0
84.4
75.0
82.5
77.5
37.5 l *
63.8

n
n

Y6461-87
"

Y8241-64
Y8532-48
Y9819-36
20074-89
20764-94

"
21255-65
21523-25
22133-42
24351-66
Z5461-80

"
25959-70

90.2%
18.1%

0.201 -

l Value greater than two standard deviations from mean
** Outlier, excluded from statistics
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TABLE E-26. METALS ON HIGH VOLUME AIR FILTERS (Continued)

External Quality Controls

Spike Prepped. Unspiked Spiked mg % Relevant
Param, Samnle # Amount Amount ed Recoverr Sanmles

Pb !0518 NA
!0519 NA
BLK FILTER ~0.080
6538 CRT NA
AAl- NA
Y3105 0.275
Y3124 0.345
Y3739 O-956
Y4376 co.080
Y4387 0.840
Y4410 0.920
Y4423 0.080
Y4429 0.300
Y4465 0.090
Y4763 1.680
Y4703 0.860
Y5152 0.208
Y5163 0.843
YS178 0.249
Y5626 0.031
Y5637 _ 0.197
Y5651 0.611

. Y5686 0.252
Y6475 0.242
Y6483 0.337
Y8258 0.341
Y8546 0.052
Y9829 0.150
ZOO76 0.520
20768 0.380
20776 0.630
21264 1.000
21525 0.170
22142 1.300
24360 0.420
25464 0.590
25474 0.360
25964 0.850

1.600
1.150

co.080
0.960
1.585
0.385
0.400
1.080
o-290
1.070
1.260
0.250
0.640
0.238
1.960
1.270
O&499
1.040
0.457
1.180
0.203
0.640
0.392
0.249
0.582
0.704
0.190
1.010
0.900
0.760
1.040
1.840
0.550
l-.300
0.410
0.628
0.956
0.280

1 . 4 1 3 113.2
1.062 108-3
0.05 0.0 l *

l-00 96.0

1.39 114.0
0.10 110.0
0.10 55.0
0.10 124.0
0.20 145.0
0.20 115.0
0.20 170.0 l
0.20 85.0
0.20 170.0 *
0.10 148.0
0.20 90.0
0.40 102.5
0.20 145.5
0.20 98.5
0.20 104.0
0.20 174.5 **
0.20 3.0 l *
0.20 14.5 **
0.20 70.0
0.20 3.5 l *
0.20 122.5
0.40 90.7
0.20 69.0
1.00 86.0
0.50 76.0
l-00 38.0
1.00 41.0
1.00 84.0
1.00 38.0
0.40 0.0 **
0.01 0.0 l *

0.01 380.0 **
0.01 5960.0 l *

0.01 0.0 l *

Mean 100.3%
SD 35.8%
cv 0.357

Y1681-711
n

Y1674-80
Y2618-35
Y2762-91
Y3101-34

"
Y3735-52
Y4360-84

Y4385-434
"

"
n

Y4458-72
Y4760-87

"
Y5148-91

II
n

Y5607-706
"
n
I,

Y6461-87
II

Y8241-64
Yas32-48
Y9819-36
20074-89
20764-94

n
21255-65
21523-25
22133-42
24351-66
25461-80

n
25959-70

l Value greater than two standard deviations from mean
** Outlier, excluded from statistics
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TABLE E-26. METALS ON HIGH VOLUME AIR FILTER!3 (Continued)

External Quality Controls

Spike Prepped Unspiked Spiked % Relevant
Par-. Samnle# Amount unt Recovers Samples

V BLR FILTER co.020 0.045 0.05 90.4
BLK FILTER co.050 0.945 1.00 94.5
Y3105 0.061 0.144 0.10 83.0
Y3124 0.072 0.150 0.10 78.0
Y3739 co.020 0.108 0.10 108.0
Y4376 0.037 0.210 0.20 86.5
Y4387 0.056 0.240 0.20 92.0
Y4410 0.035 0,226 0.20 95.5
Y4423 0.023 0.198 0.20 87.5
Y4429 0.040 0.236 0.20 98.0
Y4465 0.029 0.122 0.10 93.0
Y4763 <0.020 0.191 0.20 95.5
Y4783 0.078 0.416 0.40 84.5
Y5152 0.041 0.266 0.20 112.5
YS163 0.052 0.237 O-20 92.5
Y5178 0.058 0.236 O-20 89.0
YS626 co.020 co.020 0.20 0.0 l *

YS637 0.021 0.204 0.20 91.5
Y5651 <o-o20 0.194 0.20 97.0
Y5686 co.020 co.020 0.20 0.0 l *

Y6475 <o-o20 0.207 0.20 103.5
Y6483 0.060 0.072 0.20 6-O **
Y8258 co.020 co.020 0.40 0.0 l *

Y8546 0.037 0.410 0.20 186.5 **
Y9829 0.023 0.404 0.50 76.2
ZOO76 co.020 0.200 o-25 80.0
20768 0.024 0.383 O-50 71.8
20776 0.021 0.388 0.50 73.4
21264 0.044 0.430 0.50 77.2
Zlf25 0.022 0.230 0.50 41.6 l *
22142 0.03i 0.220 0.20 94.5

24360 eo.020 0.076 0.10 76.0
25464 co-020 0.115 O-10 115.0
25474 co.020 0.116 0.10 116.0
25964 co.020 0.102 0.10 102.0

Mean
SD
cv

91.5%
12.1%
0.167

* Value greater than two standard deviations from mean
l * Outlier, excluded from statistics

Yl674-80
n

Y3101-34
n

Y3735-52
Y4360-84

Y4385-434
"
n
"

Y4458-72
Y4760-87

n
Y5148-91

n
n

Y5607-706.
"
"
n

Y6461-07
"

Y8241-64
Y8532-48
Y9819-36
20074-89
20764-94

11
21255-65
21523-25
22133-42
24351-66
25461-80

n
25959-70
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TABLE E-26. METALS ON HIGH VOLUME AIR FILTERS (Continued)

External Quality Controls

Spike Prepped U-piked Spiked mg % Relevant
m_,amnles

Zn BLK FILTER 0.035
Y3105 0.086
Y3124 0.115
Y3739 0.074
Y4376 0.056
Y4387 0.738
Y4410 0.060
Y4423 0.084
Y4429 0.102
Y446f 0.046
Y4763 0.108
Y4783 0.752
Y5152 0.153
Y5163 0.128
Yf178 0.146
Y5626 0.050
YS637 0.067
Y5651 0.057
Y5686 0.052
.Y6475 0.063
Y6483 0.110
Y8258 0.017
Y8546 0.028
Y9829 0.110
ZOO76 0.014
20768 0.093
2 0 7 7 6 0.270
21264 0.270
21525 0.077
22142 0.210
24360 0.028
25464 0.093
25474 0.095
25964 0.150

0.076 0.05 81.6
0.178 0.10 92.0
0.278 0.10 163.0 *
0.136 0.10 62.0
0.245 0.20 94.5
0.956 0.20 109.0
0,254 0.20 97-O
0.231 0.20 73.5
0.295 O-20 96-5
0.124 0.10 78.0
0.282 0.20 87.0
1.290 0.40 134.5
o-397 0.20 122.0 I
0.315 0.20 93.5
0.400 0.20 127.0
0.246 0.20 98.0
0.086 0.20 9.5 **
0.052 0.20 0.0 l *

0.238 0.20 93.0

0.067 0.20 2.0 **
0.316 0.20 103.0
0.260 0.40 60.8
0.190 0.20 81-O
0.530 0.50 84.0
0.182 0.25 67-2
0.510 0.50 83.4
0.660 0.50 78.0
0.710 0.50 88.0
0.480 O-SO 80.6
0.410 0.20 100.0
0.059 0.04 77.5
0.140 0.04 117.5
0.150 0.04 137.5
O-200 0.04 125.0

Mean 96.3%
SD 23.6%
cv 0.245

Y1674-80
Y3101-34

"

Y3735-52
Y4360-84
Y4385-434

n
"
"

Y4458-72
Y4760-87

"
Y5148-91

"
"

Y5607-706
n
n
n

Y6461-87
n

Y8241-64
Y8532-48
Y9819-36
ZOO74- 89
20764-9-4

n
21255-65
21523-25
22133-42
24351-66
25461-80

n
25959-70

l Value greater than two standard deviations from mean
** Outlier, excluded from statistics
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TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

ue 2 $ VDSamnle # Value 1 Val
Relevant Samples

(Lab #s)

Y9823
Y9831
ZOO81
zoo07
20764
20771
20787
81255
21524
21672
22137
22528
23053
23265
23392
23712

r 24162
24353
24364
25464
25474
85896
25967
26547

2.3
3.6
4.8

11.5
5.0
2.7
2.4
6.2
3.6

19.0
4.3
2.6
4.7
4.6
1.9
3.7
3.3
1.5

k9'
1.9
0.6
1.2
3.3

2.6 12.2
2.8 25.0
3.8 23.0

10.7 7.2
4.3 15.1
3.1 13.8
1.7 34.1
4.9 23.4
5.0 32.6

16.0 17.1
3.7 15.0
3.0 14.3
4.5 4.3
4.0 4.3
2.5 27.3
3.7 0.0
3.4 3.0
2.3 42.1
1.3 16.7
0.7 25.0
2.0 5.1
0.7 15.4
0.9 28.6
3.1 6.2

Parameter. ABl

Y9823 0.0019 0.0020 5.13
Y9831 0.0016 0.0012 28.57
ZOO81 0.0024 0.0046 62.86
ZOO87 0.0057 0.0060 5.13
20764 0.0018 0.0024 28.57
20771 0.0016 0.0020 22.22
20787 0.0010 0.0007 35.29
21255 0.0028 0.0020 33.33
21524 0.0018 0.0020 10.53
21672 O-0072 0.0054 28.57

Parameter:  Al

Y9819-36
n

20074-89
”
11
II
II

21255-65, 21523-25
A

Zl672-75
2X33-42
22528-32
z3051-59
23265-69
23389-92
23709-13
24160-68
34351-66

II

25461-80
W

25895-98, 25959-70
II

26542-51

Y9819-36
"

20074-89
II
n
I
n

Z1255-65, 21523-25
"

21672-75
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TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter)  Data
(units are mg/filter)

Lab Relevant Samples
Sample # Value 1 Valne  2 % RPD (Lab #s)

Parameter: AP (Continued1

22137 0.0030
X2528 0.0030
23053 0.0003
23265 0.0024
23392 0.0017
23712 0.0018
24162 0.0088
24353 0.0008
24364 0.0022
25464 0.0018
25474 0.0016
25896 0.0068
25967 0.0010
26547 0.0027

Y9823 0.002
Y9831 0.004
ZOO81 0.005
ZOO87 0.013
20764 0.005
20771 0.002
20787 0.002
21255 eo.001
21524 co.oo1
21672 0.018
22137 co.001
22528 co.001
23053 co.001
23265 <O.OOl
23392 <O.OOl
23712 co.001
24162 <0.001
24353 co.001
24364 <O.OOl
25464 co.oo1

0.0025 18.18
0.0031 3.28
0.0030 168.10
0.0240 163.64
0.0018 5.71
0.0016 lla.76
0.0088 0.00
0.0016 66.67
0.0024 8.70

<0.0004 127.27
0.0009 56.00
0.0008 157.89
0.0008 22.22
0.0020 29.79

Parameter.. Be

0.002 0.00
0.002 40.00
0.004 8.70
0.016 20.69
0.004 8.70
0.002 0.00
0.002 0.00

co.oo3 0.00
co.001 0.00
0.016 11.76

co.oo1 0.00
co.001 0.00
co.001 0.00
co.oo1 0.00
<O.OOl 0.00
co.001 0.00
<O.OOl 0.00
co.oo1 0.00
<O.OOl 0.00
co.001 0.00

22133-42
22528-32
23051-59
23265-69
23389-92
23709-13
24160-68
24351-66

n
25461-80

n
25895-98, 25959-70

n
86542-51

Y9819-36
II

20074-89
n
n
”
n

21255-65, 21523-25
11

21672-75
22133-42
22528-32
23051-59
23265-69
23389-92
23709-13
24160-68
24351-66

"
25461-80
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TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter)  Data
(units are mg/filter)

Lab Relevant Samples
*1 L

25474 co.001
Z5896 co.001
25967 co.001
26547 60.001

Y9823 16.0 16.0 0.00
Y9831 42.0 38.0 10.00
20081 35.0 34.0 2.90
ZOO87 63.0 81.0 25.00
20764 29.0 29.0 0.00
20771 29.0 27.0 7.14
20787 27.0 25.0 7.69
21255 49.0 41.0 -17.78
21524 30.0 29.0 3.39
24353 11.0 11.0 0.00
24364 15.0 12.0 22.22
25464 5.7 5.6 I*77
35474 9.2 10.3 11.28
25896 8.2 9.0 9.30
25967 6.3 6.5 3.13
26547 16.0 15.8 1.26

Yl681 0.006
Y1683 0.005
Y1694 0.008
Y1695 0.012
Y1711 0.010
Y1859 ~0.008
Y1873 co.008
Y1675 <0,004
Y1973 0.013

Parameter: Be (Continued)

co.001 0.00
co.oo1 0.00
co.oo1 0.00
<O.OOl 0.00

w:

e te r : d

co.004 40.00
0.005 0.00
0.006 28.57
0.014 12.12
0.009 16.67

co.008 0.00
~0.008 0.00
co.004 0.00
0.024 59.46

25461-80
25895-98,  25959-70

n
26542-51

Y9819-36
A

20074-89
II
I
I
II

21255-65, 21523-25
n

24351-66
n

25461-80
I

25895-98, z5959-70
I

26542-51

Y1681-711
1)
n
II
II

Y1858-75
II

Y1674-80, Y1973-82
n
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TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Lab Relevant Samples
Samle # Value 1 Value 2 % RPD (Lab #sJ

etParam e -

Y1976
Y1980
Y2103
Y2108
Y2112
Y2117
Y2124
Y2623
Y2635
Y2767
Y2782
Y2790
Y3104
Y3113
Y3122
Y3130
Y3371
Y3742
Y3747
Y4461
Y4469
Y4365
Y4371
Y4383
Y4768
Y4781
Y4389
Y4394
Y4415
Y4424
Y4432
Y5150
Y5158
Y5169
Y5189
Y5611
Y5615
Y5622
Y5632

0.013
co.004
co.020
co.020
eo.020
<0.020
0.024

co.004
0.007

co.004
0.006
0.006
0.011

co.004
0.011

co.004
0.004

co.004
0.004
0.006
O.-O07
0.006
0.014
0.006
0.021

co.004
co.004
0.009
0.005
0.006

co.004
0.006
0.005

co.004
0.006
0.005
0.006

co.004
co.004

0.008 47.62
<0.004 0.00
<0.020 0.00
co.020 0.00
co.020 0.00
<0*020 0.00
co.020 18.18
<0.004 0.00
0.005 33.33

<0.004 0.00
0.005 18.18

co..004 40.00
0.014 24.00

co.004 0.00
0.012 8.70

co.004 0.00
0.006 40.00

co.004 0.00
co.004 0.00
co.004 40.00
0.005 33.33
0.004 40.00
0.014 0.00

co.004 40.00
0.015 33.33
0.010 85.71

co.004 0.00
0.013 36.36

co.004 22.22
co.004 40.00
co.004 0.00
co.004 40.00
0.004 22.22

<0*004 0.00
co.004 40.00
0.034 140.72
0.005 18.18
0.005 -22.22
0.005 22.22

E-137

Y1674-80, Y1973-82
”

Y2101-28
n
n
"
n

Y2618-35, Y2762-91
n
n
”
”

Y3101-34
n
n
"

Y3370-77,Y3735-52,
Y4458-72

n
II
n

Y4360-84, Y4760-87
n
n
n
n

Y4385-434, Y4462
n
n
"
"

Y5148-91
n
n
"

Y5607-706
"
"
n



Final Rpt, Kuwait Oil Fire HRA No. 39-26-L192-91,5  May - 3 Dw: 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Relevant Samples .
Sammle # Value 1 Value 2 % RPD (Lab #s)

Y5647
Y5662
Y5678
Y5693
Y5701
Y6465
Y6472
Y6485
Y8242
Y8250
Y8537
Y9107
Y9823
Y9831
ZOO81
ZOO87
20764
20771
20787
21255
21524
21672
22137
22528
23053
23265
23392
23712
24162
24353
24364
25464
25474
25896
25967
26547

Parameter: Cd (Continued)

0.007
0.009

<0*004
0.006
0.005
0.005
0.008
0.004

co.004
0.014
0.006
0.006

co.004
co.004
0.004
0.006

co.004
co.004
co.004
co.004
<0.004
0.010
0.005

co.004
co.004
co.004
co.004
<0.004
co.004
co.004
0.004

eo.004
co.004
co.004
co.004
co.004

0.007
0.007
0.004

<0.004
0.007
0.004
0.010
0.008

co.004
0.012
0.005
0.008

*0.004
co.004
<0.004
O-Q06

co.004
co.004
co.004
co.004
co.004
0.016
0.004

<0*004
co.004
co.004
co.004
co.004
0.004

co.004
co.004
co.004
co.004
co.004
co.004
co.004

0.00
25.00
0.00

40.0-o
33.33
22.22
22.22
66.67
0.00

15.38
18.18
28.57
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

46.15
22.22
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

E-138

YS607-706
II
n
I
n

Y6461-87
n
II

Y8241-64,Y8532-48
Y8944-9114

I
n

Y9819-36
I

20074-89
II

20764-94
I
II

21255-65, Y1523-25
II

21672-75
22133-42
Z2528-32
23051-59
23265-69
23389-92
23709-13
24160-68
24351-66

n
25461-80

II
25895-98, 25959-70

"
26542-51



0 Final Rpt, Kuwait Oil Fire HRG No. 39-2GL192-91,5  May - 3 Dee 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Lab Relevant Samples
_amDs 1 Lab #s

Parameter: Cr

Y1681
Y1683
Y1694
Y1695
Y1711
Y1859
Y1873
Y1675
Y1973
Y1976
Y1980
Y2103
Y2108
Y2112
Y2117
Y2124
Y2623
Y2635
Y2767
Y2782
Y2790
Y3104
Y3113
Y3122
Y3130
Y3371
Y3742
Y3747
Y4461
Y4469
Y4365
Y4371
Y4383
Y4768
Y4781
Y4389
Y4394
Y4415
Y4424

co.040 co.040 0.00
0.045 co.040 11.76

co.040 co.040 0.00
co.040 co.040 0.00
0.084 0.089 5.78
0.074 0.054 31.25
0.048 0.034 34.15

co.008 0.010 22.22
0.097 0.144 39.00
0.056 0.053 5.so
0.014 0.022 44.44
0.074 co.040 59.65

<o-o40 co.040 0.00
0.059 0.082 -32.62

co.040 0.076 62.07
0.098 co.040 84.06
0.018 0.018 0.00
0.039 0.029 29.41
0.022 0.130 142.11
0.100 0.068 38.10
0.056 0.113 67.46
0.046 0.079 52.80
0.022 0.026 16.67
0.100 0.100 0.00

co.008 0.010 22.22
0.031 0.049 45.00
0.013 <0.010 26.09
0.038 0.024 45.16
0.047 0.048 2.11
0.041 0.044 7.06
0.039 0.032 19.72
0.158 0.169 6.73

co.008 ~0.008 0.00
0.145 0.108 29.25
0.087 0.084 3.51
0.012 0.019 45.16
0.139 0.173 21.79
0.016 co.008 66.67
0.058 0.038 41.67

E-139

Y1681-711
"
"
11
n

Y1858-75
n

Y1674-80, Y1973-82
"
n
"

Y2101-28
"
II
"
11

Y2618-35, Y2762-91
n
n
n
"

Y3101-34
"
n
"

Y3370-77,Y3735-52,
Y4458-72

"
n
"

Y4360-84, Y4760-87
"
n
n
"

Y4385-434, Y4462
n
"
"



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5  May - 3 Dw: 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Lab Rel&t Samples
-1eV

.1n in

Y4432
Y5150
Y5158
Y5169
Y5189
Y5611
Y5615
Y5622
Y5632
Y5647
Y5662
YS678
Y5693
Y5701
Y6465
Y6472
Y6485
Y8242
Y8250
Y8537
Y9107
Y9823
Y9831
ZOO81
ZOO87
20764
20771
20787
21255
21524
21672
82137
22528
23053
23265
23392
,Z3712
24162
24353

0.058 <O-O08 151.52
0.028 0.030 6.90
0.029 0.033 12.90
0.027 0.028 3.64
0.031 0.018 53.06
0.042 0.042 0.00
0.042 0.043 2.35
0.037 0.042 12.66
0.021 0.035 50.00
0.022 0.024 8.70
0.063 0.057 10.00
0.020 0.021 4.88
0.013 0.019 37.50
0.054 0.058 7.14
0.060 0.048 22.22
0.080 0.105 27.03
0.039 0.040 2.53
0.014 0.016 13.33
0.160 0.140 13.33
0.038 0.026 37.50
0.064 .0.073 13.14
0.018 0.017 5.71
0.018 0.022 20.00
0.026 0.023 3.92
0.055 0.056 1.80
0.024 0.023 4.26
0.014 0.015 6.90
0.019 0.010 62.07
0.038 0.032 17.14
0.017 0.026 41.86
0.110 0.090 20.00
0.040 0.029 31.88
0.018 0.018 0.00
0.020 0.018 10.53
0.024 0.024 0.00
0.014 0.013 7.41
0.019 0.015 23.53
0.020 0.020 0.00
0.010 0.015 40.00

E-140

Y4385-434, Y4462
Y5148-91

tl
11
II

Y5607-706
II
II
"
"
II
II
II
I

Y6461-87
"
n

Y8241-64,Y8532-48,
Y8944-9114

q

II

Y9819-36

II

20074-89

I

20764-94

II

I

21255-65, 21523-25
"

21672-75
22133-42
22528-32
23051-59
23265-69
23389-92
23709-13
24160-68
24351-66

‘-.O

l



Final Rpt, Kuwait Oil Fire HRA No. 39-2GL192-91,5  May - 3 Dee 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Lab Relevant Samples
Samle # Value 1 Value 2 % RPD (Lab #s)

Parameter: Cr (Continued)

24364 0.014 0.013 7.41
25464 ~0.008 0.008 0.00
25474 co.008 0.021 89.66
25896 co.008 ~0.008 0.00
25967 0.008 co.008 0.00
26547 0.012 0.010 18.18

Y9823 2.40 2.93 19.89
Y9831 3.80 2.79 30.65
ZOO81 5.40 4.64 15.14
ZOO87 11.50 12.50 8.33
20764 5.00 4.56 9.21
20771 2.30 2.71 16.37
20787 2.40 1.74 31.88
Z1255 7.20 5.70 23.26
21524 3.70 5.10 31.82
21672 25.00 19.00 27.27
22137 3.20 3.30 3.08
22528 3.20 3.30 3.08
23053 5.00 4390 2.02
23265 5.00 5.10 1.98
23392 2.40 3.00 22.22
23712 4.20 4.30 2.35
24162 3.90 4.20 7.41
24353 1.80 2.50 32.56
24364 1.40 1.60 13.33
25464 0.90 0.76 16.87
25474 2.so 2.66 6.20
25896 0.62 0.80 25.35
25967 1.40 0.78 56.88
26547 3.30 3.15 4.65

Parameter: Fe

24351-66
25461-80

"
25895-98, 25959-70

n

26542-51

Y9819-36
11

20074-89
n

20764-94
n
n

21255-65, 21523-25
"

21672-75
22133-42
22528-32
23051-59
23265-69
23389-92
23709-13
24160-68
24351-66

n

25461-80
"

25895-98, 25959-70
"

Z6542-51

E-141
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TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Relevant Samples
Samnle # Value 1 Value 2 % RPD ILab #s)

Y9823
Y9831
ZOO81
ZOO87
20764
20771
20787
21255
21524
21672
22137
22528
23053
23265
23392
23712
24162
24353
24364
25464
25474
Z5896
25967
26547

3.5
4.3

2:::
6.0
4.8
3.3

10.0
5.6

29.0
4.4
4.3
4.8
4.6
3.3
3.9
4.2
2.6
2.4
1.3
2;5
1.3
1.7
4.2

3.7 5.56
3.7 15.00
9.5 1.05

19.0 5.13
5.8 3.39
5.0 4.08
2.9 12.90
8.5 16.22
6.5 14.88

23.0 23.08
5.0 12.77
4.2 2.35
4.5 6.45
4.8 4.26
3.4 2.99
4.0 2.53
4.6 9.09
3.2 20.69
2.5 4.08
1.2 8.00
2.7 7.69
1.5 14.29
1.5 12.50
4.2 0.00

Parameter: Na

Y9823 29.0 32.0 9.84
Y9831 20.0 17.0 16.22
ZOO81 41.0 38.0 7.59
ZOO87 24.0 28.0 15.38
20764 32.0 30.0 6.45
20771 23.0 29.0 23.08
20787 16.0 14.0 13.33
Z1255 27.0 25.0 7.69
21524 39.0 46.0 16.47
21672 35-O 28.0 22.22

Parameter: Mq

E-142

Y9819-36
n

20074-89
II

20764-94
n
I

21255-65, 21523-25
n

21672-75
22133-42
Z2528-32
23051-59
23265-69
23389-92
23709-13
24160-68
Z4351-66

"
25461-80

n
25895-98, 25959-70

n
26542-51

Y9819-36
n

20074-89
II

20764-94
11
"

-Z1255-65, 21523-25
n

X1672-75



l Final Rpt,  Kuwait Oil Fire HRA No. 39-2GL192-91,5  May ; 3 Dee 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Lab Relevant Samples
San-de # Value 1 Value 2 % RPD (Lab #s)

Parameter: Na (Continued)

22137 1 9 . 0 22.0 14.63
22528 6.5 6.8 4.51
23053 8.6 8.7 1.16
23265 8.9 9.2 3.31
23392 3.5 3.9 10.81
23712 16.0 17.0 6.06
24162 5.1 5.7 11.11
24353 2.2 2.6 16.67
84364 , 3.5 3.6 2.82
25464 3.5 3.2 8.96
25474 2.9 3.2 9.84
25896 2.5 2.6 3.92
25967 4.0 3.3 19.18
26547 4.7 4.6 2.15

Y1681 0,022 0.027 22.95
Y1683 0.049 0.048 2.49
Y1694 co.020 0.059 98.73
Y1695 O.-O28 0.032 13.16
Y1711 0.147 0.166 12.14
Y18S9 0.043 0.055 24.49
Y1873 0.052 0.038 31.11
Y1675 <o-o40 co.040 0.00
Y1973 0.124 0.197 45.48
Y1976 co.040 0.054 29-78
Y1980 co,040 co.040 0.00
Y2103 0.167 0.083 67-20
Y2108 0.044 0.044 O-00
Y2112 0.169 0.210 21.64
Y2117 0.117 0.196 50.48
Y2124 0.220 0.094 80.25
Y2623 co.020 co.020 0.00
Y2635 0.025 co*020 22.22
Y2767 co.020 0.049 84.06
Y2782 0.050 0.055 9..52

Parameter: Ni

E-143

22133-42
22528-32
23051-59
23265-69
23389-92
23709-13
24160-68
24351-66

n
25461-80

n
25895-98, 25959-70

II
26542-51

Y1681-711
"
"
"
n

Y1858-75
n

Y1674-80, Y1973-82
n
”

n
Y2101-28

n
"
"
n

Y2618-35, Y2762-91
11
II

”



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5  May - 3 Des: 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are rcg/filter)

Relevant Samples
*V

~ti4ued)

Y2790
Y3104
Y3113
Y3122
Y3130
Y3371
Y3742
Y3747
Y4461
Y4469
Y4365
Y4371
Y43a3
Y4768
Y4781
Y4389
Y4394
Y4415
Y4424
Y4432
Y5150
Y5158
Y5169
Y5189
Y5611
Y5615
Y5622
Y5632
YS647
Y5662
Y5678
Y5693
YS701
Y6465
Y6472
Y6485
Y8242
Y8250
Y8537

co.020 0.049 84.06
0.073 0.117 46.32
0.032 0.040 22.22
0.169 0.174 2.92

<0.020 O-025 22.22
0.040 0.053 27.96
0.026 co.020 26.09
0.036 0.039 8.00
O.OSO 0.048 4.08
0.060 0.060 0.00
0.042 0.046 9.09
0.274 0.282 2.88

eo.020 <0.020 0.00
0.217 0.173 22.56
0.134 0.145 7.89 .
0.044 0.096 74.29
0.283 0.307 8.14
0.031 0.036 14.93
0.096 0.088 8.70
0.040 0.038 5.13
0.041 0.049 17.78
0.052 0.052 0.00
0.032 0.028 13.33
0.042 0.03s 18.18
0.065 0.071 8.82
0.069 0.069 0.00
0.060 0.074 20.90
0.051 0.062 19.47
0.030 0.033 9.52
0.101 0.090 11.52
0.022 0.027 20.41

co.020 0.014 35.29
0.078 0.080 2.53
0.092 0.085 7.91
0.143 0.166 14.89
0.048 0.064 28.57
0.250 0.190 27.27
0.520 0.640 20.69
0.170 0.240 34.15

E-144

Y2618-35, Y2762-91
Y3101-34

II
I
"

Y3370-77,Y3735-52,
Y4458-72

n
I
II

Y4360-84, Y4760-87
II
l

I

II

Y4385-434, Y4462
*
n
n
II

Y5148-91
11
II
*

Y5607-706
n
*
n
11
II
II
n
n

Y6461-87
II
"

Y8241-64,Y8S32-48,
Y8944-9114

II
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TABLE E-27. METALS ON HIGH VOLUME AIR FILT@S (Continued)

Prepped Duplicate (Split Filter) Data
(units are w/filter)

Lab Relevant Samples
Saxmle # Value 1 Value 2 % RPD (Lab #s)

Parameter: Ni (Continued)

Y9107 0.260 0.380 37.50
Y9823 co.020 co.020 0.00
Y9831 co.020 co.020 0.00
ZOO81 0.040 0.032 22.22
ZOO87 0.082 0.078 5.00
20764 0.020 co.020 0.00
20771 <0.020 <o-o20 0.00
20787 <0.020 co.020 0.00
21255 0.307 0.281 8.84
Zlf24 0.137 0.304 75.74
21672 0.460 0.370 . 21.69
22137 0.230 0.230 0.00
22528 0.130 0.120 8.00
23053 0.120 0.096 22.22
23265 0.160 0.110 37.04
23392 O.i60 0.098 48.06
23712 0.210 0.140 40.00
24162 0.150 0.130 14.29
24353 <0.020 co.020 0.00
24364 co.020 co.020 0.00
25464 0.034 0.029 15.87
25474 0.086 0.094 8.89
25896 co.020 0.023 13.95
25967 0.060 0.035 52.63
26547 0.130 0.160 20.69

Y1681 0.620 0.660 6.25 Y1681-711
Y1683 0.680 0.740 8.45 "
Y1694 1.000 1.020 1.98 "
Y1695 0.400 0.410 2.47 n
Y1711 0.870 0.890 2,27 "
Y1859 0.844 1.030 19.85 Y1858-75
Y1873 0.626 0.642 2.52 "
Y1675 ~0.080 O-083 3-68 Y1674-80, Y1973-82
Y1973 0.438 0 . 6 0 4 31.86 n

Parameter: Pb

Y8944-9114
Y9819-36

"
20074-89

"
20764-94

"
"

21255-65, 21523-25
n

21672-75
22133-42
22528-32
23051-59
23265-69
23389-92
23709-13
24160-68
24351-66

n
Z5461-80

n
Z5895-98, 25959-70

n
26542-51

E-145



Final Rpt, Kuwait Oil Fire HM No. 39-2GL192-91,5  May - 3 Dec 91

TABLE E-27. METALS ON HIGH VOLUME AI5 FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are xg/filter)

Lab Relevant Samples
@V 1 v

Y1976 0.292
Y1980 co.080
Y2103 0.392
Y2108 0.323
Y2112 0.450
Y2117 0.283
Y2124 0.719
Y2623 0.640
Y2635 0.188
Y2767 0.676
Y2782 0.260
Y2790 0.086
Y3104 0.832
Y3113 0.164
Y3122 0.361
Y3130 0.111
Y3371 1.750
Y3742 1.840
Y3747 0.134
Y4461 0.162
Y4469 0.084
Y4365 0.200
Y4371 0.250
Y4383 <O-O80
Y4768 0.680
Y4781 0.560
Y4389 1.100
'Y4394 0.270
Y4415 co.080
Y4424 0.120
Y4432 0.130
Y5150 0.768
Y5158 0.429
Y5169 0.204
Y5189 0.376
Y5611 0.741
Y5615 0.821
Y5622 0.197
Y5632 0.467

Parameter: Pb (Continued)

0.294
co.080
0.781
0.224
0.492
0.659
0.358
0.616
0.177
0.776
0.380
0.096
0.992
o-202
0.399
0.128
1.700
1.700
0,173
0.202
0.112
0.120
0.390

co.080
0.610
0.590
1.030
6.340
0.090
0.090
0.156
0.740
0.508.
0.194
0.405
0.746
0.852
0.184
0.502

E-146

0.68
0.00

66.33
36.20
8.92

79.83
67.04
3.82
6.03

13.77
37.50
10.99
17.54
20.77
10.00
14.23
2.90
7.91

25.41
21.98
28.57
50.00
43.75
0.00

10.85
5.22
6.57

22.95
11.76
28.57
18.18
3.71

16.86
5.03
7.43
0.67
3.71
6.82
7.22

Y16?4-80, Y1973-82
n

Y2101-28
II
*
n
n

Y2618-35, Y2762-91
II
n
I
n

Y3101-34
n
II
n

Y3370-77,Y3735-52,
Y4458-72

n
II
n

Y4360-84, Y4760-87
II
I
II
n

Y4385-434, Y4462
.11
n
II
II

Y5148-91
II
"
11

Y5607-706
II
II
II



Final F!pt, Kuwait Oil Fire HM No. 39-26L192-91,5  May - 3 Dee 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

. Relevant Samples
Samle # Value 1 Value 2 % RED (Lab #s)

Parameter: Pb (Continued)

Y5647 0.656 0.700 6.49
Y5662 0.522 0.497 4.91
Y5678 0.274 0.251 8.76
Y5693 0.262 0.279 6.28
Y5701 0.616 0.547 11.87
Y6465 0.130 0.114 13.11
Y6472 0.523 0.554 5.76
Y6485 0.897 0.870 3.06
Y8242 0.752 0.792 5.18
Y8250 0.424 0.392 7.84
Y8537 0.276 0.276 0 . 0,o
Y9107 0.932 0.964 3.38
Y9823 0.320 0.343 6.94
Y9831 0.920 0.832 10.05
ZOO81 0.440 0.460 4.44
ZOO87 0.610 0.600 1.65
20764 0.160 0.135 16.95
20771 0.150 0.139 7.61
20787 1.200 1.110 7.79
21255 0.490 0.420 15.38
21524 0.990 0.950 4.12
21672 0.490 0.413 17.05
22137 0.920 0.890 3.31
22528 1.200 1.100 8.70
23053 0.380 0.390 2.60
23265 0.650 0.660 1.53
23392 1.000 1.000 0.00
23712 1.000 1.000 0.00
24162 0.870 0.940 7.73
24353 0.660 0.670 1.50
24364 0.840 0.870 3.51
25464 0.930 0.890 4.40
25474 1.600 1.640 2.47
25896 0.510 0.580 12.84
25967 0.280 0.580 69.77
26547 0.840 0.880 4.65

E-147

Y5607-706
n
n
n
n

Y6461-87
n
n

Y8241-64,Y8532-48,
Y8944-9114

n
n

Y9819-36
n

20074-89
"

20764-94
"
"

21255-65, 21523-25
n

21672-75
22133-42
22528-32
23051-59
23265-69
23389-92
23709-13
24160-68
24351-66

II
25461-80

"
Z5895-98, 25959-70

n
26542-51



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5  May - 3 Dee 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Lab - Relevant Samples
Samnle# Value 1 Value 2 % RPD (Lab #s)

Parameter: V

Y1681
Y1683
Y1694
Y1695
Y1711
Y1859
Y1873
Y1675
Y1973
Y1976
Y1980
Y2103
Y2108
Y2112
Y2117
Y2124
Y2623
Y2635
Y2767
Y2782
Y2790
Y3104
Y31.13
Y3122
Y3130
Y3371
Y3742
Y3747
Y4461
Y4469
Y4365
Y4371
Y4383
Y4768
Y4781
Y4389
Y4394
Y4415
Y4424

0.022 0.023
-0.028 0.022
0.025 0.026
0.028 0.028
0.077 0.066
0.025 0.035
0.057 0.048
0.020 0.041
0.091 0.121
0.050 co.020

co.020 co.020
0.104 0.114
0.032 0.030
0.106 0.149
0.070 0.146
0.125 0.063
0.038 0.034
0.035 0.026
0.031 0.031
0.038 0.039

<0.020 co.020
0.056 0.078

co.020 0.024
0.085 0.084
0.029 0.024
0.026 0.035

<0*020 co.020
0.023 0.021
0.033 0.030
0.043 0.045'
0.038 0.036
0.106 0.109

co.020 co.020
0.127 0.086
0.079 0.074
0.034 0.034
0.098 0.111
0.020 eo.020
0.038 0.035

4.44
24.00
3.92
0.00

15.38
33.33
17.14
68.85
28.30
85.71
0.00
9.17
6.45

33.73
70.37
65.96
11.11
29.51
0.00
2.60
0.00

32.84
18.18
1.18

18.87
29.51
0.00
9.09
9.52
4.55
5.41
2.79
0.00

38.50
6.54
0.00

12.44
0.00
8.22

Y1681-711
"
"
n
"

Y1858-75
n

Y1674-80, Y1973-82
"
"
"

Y2101-28
11
n
"
"

Y2618-35, Y2762-91
n
n
n
11

Y3101-34
n
n
II

Y3370-77,Y3735-52,
Y4458-72

II
n
11

Y4360-84, Y4760-87
n
n
n
n

Y4385-434, Y4462
"
n
"

E-148
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TABLZ E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Lab Relevant Samples
San-de # Value I Value 2 % RPD (Lab #s)

Y4432
Y5150
Y5158
Y5169
Y5189
Y5611
Y5615

_ Y5622
Y5632
Y5647
Y5662
Y5678

e.
Y5693
Y5701'I-\ Y6465
Y6472
Y6485
Y8242
Y8250
Y8537
Y9107
Y9823
Y9831
ZOO81
ZOO87
20764
20771
20787
21255
Zl524
21672
22137
22528
23053
23265
23392
23712
24162

0: 24353

0.054 0.051 5.71
0.040 0.038 5.13
0.032 0.034 6.06
0.022 0.026 16.67
0.079 0.076 3.87
0.061 0.059 .3.33
0.044 0.048 8.70
0.025 0.024 4.08
0.080 0.088 9.52
0.026 0.028 7.41
0.068 0.061 10.85
0.025 0.025 0.00

co.020 eo.020 0.00
0.058 0.049 16.82
O.-O37 0.035 5.56
0.050 0.068 30.51
0.026 0.033 23.73

co.020 co.020 0.00
0.100 0.096 4.08
0.027 0.023 16.00
0.059 0.067 12.70
0.030 0.032 6.45

co.020 co.020 0.00
0.025 0.024 4.08
0.056 0.056 0.00
0.037 0.035 5.56

co.020 co.020 0.00
<0.020 <o-o20 0.00
0.030 0.023 26.42
0.042 0.023 58.46
0.071 0.054 27.20
0.026 0.025 3.92
0.025 0.021 17.39
0.022 0.021 4.65

co.020 so.020 0.00
<0.020 0.021 4.88
0.047 0.042 11.24

co.020 co.020 0.00
co.020 co.020 0.00

E-149

Y4385-434, Y4462
Y5148-91

n
11
n

Y5607-706
n
n
n
"
n
n
n
n

Y6461-87.
"
11

Y8241-64,Y8532-48,
Y8944-9114

11
n

Y9819-36
n

20074-89
n

20764-94
"
"

21255-65, 21523-25
n

21672-75
22133-42
22528-32
23051-59
23265-69
23389-92
23709-13
24160-68
24351-66



-

Final Rpt, Kuwait Oil Fire HRA No. 39-%L192-91,5  May - 3 Dee 91

c TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are r&filter)

Lab Relevant Samples
Qamnle # Value 1 Value 2 % RPD (Lab #s)

Parameter V:
.

(Continued)

24364 co.020
35464 co.020
25474 co.020
25896 co.020
25967 <0.020
26547 co.020

co.020 0.00
co.020 0.00
co.020 0.00

<0*020 0.00
co.020 0.00
co.020 0.00

Parmeter: Z n

Y1681 0.936 0.932 0.43
Y1683 0.208 0.234 11.76
Y1694 0.174 0.172 1.16
Y1695 0.209 0.258 20.99
Yf711 0.309 0.386 22.16
Y1859 0.512 0.480 6.45
Y1873 0.372 0.504 30.14
Y1675 eo.040 0.041 2.44
Y1973 0.221 0.293 28.02
Y1976 0.090 0.076 16.87
Y1980 co.040 co.040 0.00
Y2103 0.170 0.197 14.71
Y2108 0.105 0.101 3.88
Y2112 0.142 0.200 33.92
Y2117 0.095 0.168 55.51
Y2124 0.223 0.114 64.69
Y2623 0.106 0.102 3.85
Y2635 0.094 0.076 21.18
Y2767 0.109 0.126 14.47
Y2782 0.115 0.111 3.54
Y2790 0.079 0.050 44.96
Y3104 0.176 0.232 27.45
Y3113 0.078 0.118 40.82
Y3122 0.098 0.132 29.57
Y3130 co.025 0.038 41.27
Y3371 0.123 0.132 7.06
Y3742 0.089 0.070 23.90
Y3747 0.064 0.056 13.33

24351-66
25461-80

"

25895-98, 25959-70
"

26542-51

Yl681-711
"
"
11
”

Yi858-75
"

Y1674-80, Y1973-82
II
"
n

Y2101-28
"
"
It
"

Y2618-35, Y2762-91
n
"
"
"

Y3101-34
"
"
II

Y3370-77,Y3735-52,
Y4458-72

11

E-150



l Final Rpt,  Kuwait Oil Fire HRA No. 39-2fkL192-91,  5 May - 3 Dee 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Lab Relevant Samples
Sanmle # Value 1 Value 2 % RPD fL& #s)

Parameter: Zn (Continued)

Y4461 0.070 0.056 22.22
Y4469 0.126 0.087 36.62
Y4365 0.094 0.085 10.06
Y4371 0.165 0.148 10.86
Y4383 0.040 0.082 68.85
Y4768 0.249 0.192 25.85
Y4781 0.129 0.127 1.56
Y4389 0.102 0.099 2.99
Y4394 0.157 0.179 13.10
Y4415 0.036 0.034 5.71
Y4424 0.098 0.100 2.02
Y4432 0.068 0.063 7.63
YflfO 0.096 0.096 0.00
Y5158 0.147 0.162 9.71
Y5169 0.061 0.072 16.54
Y5189 0.124 0.118 4.96
Y5611 0.151 0.156 3.26
Y5615 0.147 0.143 2.76
Y5622 0.055 0.062 11.97
Y5632 0.121 0.152 22.71
Y5647 0.128 0.135 5.32
Y5662 0.144 0.126 13.33
Y5678 0.093 0.112 18.54
Y5693 0.048 0.072 40.00
Y5701 0.093 0.083 11.36
Y6465 0.106 0.091 15.23
Y6472 0.113 0.131 14.75
Y6485 0.161 0.167 3.66
Y8242 0.013 0.014 7.41
Y8250 0.160 0.140 13.33
Y8537 0.036 0.025 36.07
Y9107 0.063 0.071 11.94
Y9823 0.068 0.080 16.22
Y9831 0.093 0.116 22.01
ZOO81 0.026 0.025 3.92
ZOO87 0.055 0.056 1.80
20764 0.160 0.157 1.89
20771 0.090 0.101 11.52
20787 0.120 0.054 75.86

E-151

Y4458-72
II

Y4360-84, Y4760-87
II
"
n
11

Y4385-434, Y4462
"
n
n
n

Y5148-91
"
"
"

Y5607-706
"
n
n
"
"
n
11
"

Y6461-87
n
n

Y8241-64,Y8532-48,
Y8944-9114

11
11

Y9819-36
"

20074-89
"

20764-94
"
"



Final Rpt, Kuwait Oil Fire H&4 No. 39-26-L192-91,5  May - 3 Ike 91

TABLE E-27. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Prepped Duplicate (Split Filter) Data
(units are mg/filter)

Lab Relevant Samples
Samle # Value 1 Value 2 % RPD (Lab #s)

Parameter: Zn (Cofitinued)

21255 0.110 0.075 37.84
21524 0.120 0.110 8.70
21672 0.170 0.150 12.50
22137 0.120 0.130 8.00
22528 0.390 0.360 8.00
23053 0.071 0.069 2.86
23265 0.098 0.036 92.54
23392 0.410 0.390 5.00
23712 0.120 0.110 8.70
24162 0.180 0.190 5.41
24353 0.053 0.050 5.83
24364 0.097 0.084 14.36
25464 0.150 0.140 6.90
25474 0.120 0.130 8.00
Zf896 0.026 0.028 7.41
Z5967 0.110 0.045 83.87
26547 0.069 0.081 16.00

21255-65, 21523-25
"

21672-75
22133-42
22528-32
23051-59
23265-69
23389-92
23709-U
24160-68
24351-66

II
25461-80

"

25895-98, 25959-70
"

26542-51

E-152



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5 May - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS

Instrument Duplicate Analysis Data
(units are mg/L)

Lab Relevant Samples
@Vl 1 Lab

Y9824
Y9835
20077
ZOO85
20765
20774
20781
20794
21257
21525
21672
22142
22529
Z3051
23265
23710
24164
24352
24359
25465
25479
25959
25969
26543

Y9819 0.0046 0.0045 2.20 Y9819-36
Y9832 0.0062 0.0058 6.67 ”
ZOO81 0.0030 0.0030 0.00 20074-89
ZOO89 0.0104 0.0097 6.97 "
20768 0.0052 0.0058 10.91 20764-94
20775 0.0065 0.0064 1.55 n
20785 0.0088 0.0085 3.47 ,I
21255 0.0069 0.0071 2.86 21255-65, 21523-25
21264 0.0097 0.0092 5.29 "
21672 0.0180 0.0174 3.39 21672-75
22133 0.0048 0.0043 10.99 22133-42
22139 0.0059 0.0065 9.68 22133-42

1.3
5.3
6.3

18.2
8.3
7.9

;:;
10.6
10.6
48.4
5.3
6.4

12.9
il.4
9.7

13.8
6.4
4.1
2.6
3.2
3.5
3.1
1.9

Parameter: Al

1.3 0.0
5.5 3.9
6.1 3.2

17.3 5.1
8.3 0.0
7.9 0.0
9.9 4.0
9.8 0.0

10.6 0.0
10.7 0.9
48.7 0.6
5.0 5.8
6.7 4.6

12.9 0.0
11.4 0.0
9.8 1.0

13.7 0.7
6.6 3.1
4.1 0.0
2.7 3.8
3.3 3.1
3.5 0.0
3.1 0.0
1.9 0.0

Parameter: As

E-153

Y9819-36
n

20074-89
n

20764-94
II
n
n

21255-65, 21523-25
"

21672-75
22133-42
22528-32
z3051-59
23265-69
23709-13
24160-68
24351-66

n
25461-80

n

25895-98, 25959-70
n

26542-51



Final Rpt, Kuwait Oil Fire H&A No. 39-2&L192-91,5  May - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/Ll

Lab
Vl

Relevant Samples
7

Parameter: As (Continued]

22531 0.0082 0.0080 2.47
23051 0.0091 0.0087 4.49
23056 0.0157 0.0153 2.58
23391 0.0059 0.0062 4.96
24164 0.0053 0.0052 1.90
24353 0.0021 0.0023 9.09
24363 0.0024 0.0029 18.87
25464 0.0046 0.0044 4.44
25474 0.0039 0.0043 9.76
25959 0.0028 0.0032 13.33
25969 0.0042 0.0034 21.05
26547 0.0068 0.0068 0.00

Par=eter . RFl

Y9821 0.011 0 . 0 1 1 0 . 0 0

y9832 0.008 0.008 0.00
zoo77 0.006 0.005 18.18
ZOO88 0.040 0.041 2.47
20764 0.012 0.012 3.47
20774 0.008 0.008 0.00
20784 0.012 0.012 0.00
20794 0.010 0.009 10.53
21257 <O.OOl co.001 0.00
21525 <O.OOl eo.001 0.00
21673 0.034 0.033 0.90
22142 eo.001 co.001 0.00
82529 eo.001 co.001 0.00
23051 co.oo1 co.001 0.00
23265 <O*OOl c0.001 0.00
23710 0.001 0.001 0.00
24164 0.001 0.001 0.00
24354 0.002 0.002 0.00
24365 0.003 0.003 0.00
25465 0.001 0.001 0.00
25479 0.002 0.001 66.67
z5959 c0.001 0.001 0.00
25969 0.001 0.001 0.00
26550 0 . 0 0 1 0.001 0.00

22528-32
23051-59
23051-59
23389-92
24160-68
24351-66

n
Z5461-80

*

25895-98, 25959-70
n

26542-51

E-154

Y9819-36
n

20074-89
II

20764-94
n
I
II

21255-65, 21523-25
II

21672-75
22133-42
22528-32
23051-59
23265-69
23709-13
24160-68
24351-66

"

25461-80
II

25895-98, 25959-70
II

26542-51



Final  Rpt,  Kuwait Oil Fire HRA No. 39-26L192-91,5 May - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Relevant Samples
Samde # Value 1 Value 2 % RPD (Lab #s)

Parameter: Ca

Y9824 5.7 5.7 0.00
Y9835 35.3 35.2 0.28
ZOO76 44.2 44.6 0.90
ZOO80 81.8 80.4 1.73
20765 58.6 59.7 1.86
20770 54.2 54.4 0.37
20784 68.5 70.1 2.31
20787 66.7 67.2 0.75
21258 44.9 44.0 2.02
21525 49.6 49.4 0.40
21675 96.6 95.6 1.04
22142 42.6 42.7 0.23
Z2532 9.0 8.9 0.45
22737 76.2 75.9 0.39
23052 27.9 28.0 0.36
23266 24.3 24.3 0.00
23711 27.4 27.2 0.73
24168 26.2 26.0 0.77
24353 27.3 27.6 1.06
24358 29.0 29.8 2.79
25465 14.0 13.7 2.17
25479 19.8 19.7 0.51
25896 20.6 21.1 2 . 4 0
25966 22.4 22.6 0.89
26543 9.9 9.9 0.10

Parameter: Cd

Y1678 0.018 0.020 10.53
Y1681 0.014 0.015 6.90
Y1690 0.016 0.018 11.76
Y1693 0.979 1.008 2.92
Y1698 0.018 0.019 5.41
Y1709 0.021 0.022 4.65
Y1864 co.020 <0.020 0.00
Y1874 0.023 0.020 13.95
Y1977 0.028 0.028 0.00
Y2102 co.050 co.050 0.00

Y9819-36
n

20074-89
"

20764-94
n
n
n

21255-65, 21523-25
n

21672-75
22133-42
22528-32
22736-39
z3051-59
23265-69
23709-13
24160-68
24351-66

n
25461-80

n
25895-98, 25459-70

n
26542-51

Y1674-80, Y1973-82
Y1681-1711

n
”
n
n

Y1858-75
n

Y1674-80, Y1973-82
Y2101-28

E-155



Final Rpt, Kuwait Oil Fire HFM No. 39-26L192-91,5  May - 3 Dee 91
l

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Lab Relevant Samples
E1 Vl

Parameter : d (Continued)

Y2116
Y2124
Y2618
Y2619
Y2627
Y2635
Y2769
Y2783
Y2787
Y3102
Y3112
Y3124
Y3133
Y3370
Y3736
Y3747
Y4367
Y4377
Y4391
Y4398
Y4403
Y4423
Y4430
Y4461
Y4470
Y4764
Y4775
Y4786
Y5154
Y5164
Y5176
Y5178
Y5190
Y5607
Y5623
Y5629
Y5639
Y5651
Y5677

co.050 <0.050 0.00
co.050 <0.050 0.00
<O.OlO <O.OlO 0.00
<0.010 <O.OlO 0.00
0.023 0.021 9.09
0.018 0.015 18.18

<O.OlO co.010 0.00
0.018 0.016 11.76
0.028 0.021 28.57
0.022 0.020 9.52
0.018 0.025 32.56
0.031 0.034 9.23
0.014 0.011 24.00
0.018 0.017 5.71
0.027 0.026 3.77
0.011 0.010 9.52
0.017 0.015 12.50
0.026 0.026 0.00

<O.OlO co.010 0.00
0.026 0.030 14.29
0.011 0.013 16.67
0.016 0.014 13.,33
0.018 0.021 15.38
0.016 0.016 0.00
0.015 0.015 0.00
0.018 0.018 0.00
0.026 0.029 10.91
0.017 0.016 6.06
0.024 0.023 6.42
0.016 0.015 3.85
0.026 0.026 0.76
0.032 0.030 7.19
0.016 0.015 2.61
0.018 0.018 3.33
0.012 0.012 0.89
0.019 0.019 0.00

<0.010 <O.OlO 0.00
<O.OlO eo.010 0.00
<0.010 eo.010 0.00

E-156

Y2101-28
n

Y2618-35, Y2762-91
II
n
II
n
II
n

Y3101-34
11
II
II

Y3370-77, Y3735-52
Y4458-72

n

x4360-84, Y4760-87
n

Y4385-434, Y4462
I
n
"
II

Y3370-77, Y3735-52 .
Y4458-72

Y4360-84, Y4760-87
II
II

Y5148-91
n
II
n
n

Y5607-706
"
n
n
11
11



Final Rpt,  Kuwait Oil Fire HIU No. 39-2&L192-91,5 M.iy - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

.Lab Relevant Samples
~1 Lab #s

Y5689
Y5696
Y5705
Y6463
Y6470
Y6478
Y6486
Y8245
Y8255
Ya539
Y8946
Y9113
Y9823
Y9835
ZOO76
ZOO88
20765
20771
20785
20792
21260
21525
21675
22141
22737
23051
23059
23711
24168
24354
24362
25465
25479
25896
25966
26542

0.012
<O.OlO
0.013
0.017
0.050
0.012

<O.OlO
<0.010
<O.OlO
<0.010
0.012

eo.010
co.010
<O.OlO
0.012
0.018

<O.OlO
<0.010
co.010
0.010
0.010
0.010

<0.010
0.012
0.015

co.010
co.010
<O.OlO
<O.OlO
<O.OlO
0.011

<O.OlO
<O.OlO
<O.OlO
<0.010
<O.OlO

0.014 11.67
<O.OlO 0.00
0.012 2.41
0.017 0.00
0.048 4.08
0.010 18.18

co.010 0.00
<0.010 0.00
co.010 0.00
co.010 0.00
0.011 8.70

<0.010 0.00
eo.010 0.00
<0.010 0.00
0.012 0.00
0.018 0.00

<O.OlO 0.00
co.010 0.00
<0.010 0.00
<0.010 0.00
0.010 0.00
0.010 0.00
0.011 9.52
0.011 8.70
0.016 6.45
0.010 0.00

<O.OlO 0.00
<O.OlO 0.00
<O.OlO 0.00
co.010 0.00
0.012 11.16

co.010 0.00
co.010 0.00
<O.OlO 0.00
<O.OlO 0.00
<O.OlO 0.00

Y5607-706
n
11

Y6461-87
n
n
"

Y8241-64,Y8532-48,
Y8944-9114

"
n
"

Y9819-36
"

20074-89
"

20764-94
n
"
n

21255-65, 21523-25
"

21672-75
22133-42
22736-39
23051-59
z3051-59
23709-13
24160-68
24351-66

"
25461-80

"
25895-98, 25959-70

n
26542-51

E-157



Final Rpt, Kuwait Oil Fire H&I No. 3%26L192-91,5 May - 3 l&x 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Relevant Samples
(L&#s)SlamDe# a eJ Value2 %RPDv lu

Y1674
Y1681
Y1692
Y1701
Y1709
Y1861
Y1865
Y1975
Y2102
Y2107
Y2119
Y2618
Y2622
Y2631
Y2774
Y2781
Y2790
Y3102
Y3113
Y3116
Y3132
Y3370
Y3737
Y3747
Y4366
Y4377
Y4392
Y4402
Y4412
Y4423
Y4462
Y4463
Y4472
Y4764
Y4775
Y4786
Y5154
Y5164
Y5176

0.047 0.049 4.17 Y1674-80, Y1973-82
0.059 0.057 3.45 Y1681-1711
0.068 0.067 1.48 n
0.386 0.382 1.04 "
0,262 0.261 0.38 "
0.066 0.067 1.50 "
0.105 0.114 8.22 Y1858-75
0.098 0.096 2.06 "
0.102 0,105 2.90 Y1674-80, Y1973-82
0.087 0.086 1.16 Y2101-28
0.517 0.514 0.58 II
0.116 0.113 2.62 "
0.089 0.091 2.22 Y2618-35, Y2762-91
0.083 0.089 6.98 II
0.079 0.080 1.26 n
0.054 0.048 11.76 "
0.139 0.136 2.18 n
0.154 0.151 1.97 n
0.055 0.052 5.61 II
0.052 0.058 10.91 Y3101-34
0.059 0.060 1.68 "
0.134 0.132 1.50 11
0.078 0.077 1.29 (I
0.116 0.120 3.39 Y3370-77,Y3735-52,
0.057 0.059 3.45 Y4458-72
0.216 0.227 4.97 II
0.051 0.048 6.06 Y4360-84, Y4760-87
0.032 0.036 11.76 II
0.051 0.050 1.98 Y4385-434, Y 4 4 6 2
0.067 0.079 16.44 II
0.067 0.066 1.50 n
0.062 0.059 4.96 n
0.110 0.110 0.00 "
0.089 0.071 22.50 Y3370-77, Y3735-52
0.236 0.231 2.14 Y4458-72
0.209 0.211 0.95 Y4360-84, Y4760-87
0.092 0.092 0.76 II
0.113 0.110 1.97 II
0.219 0.218 0.69 Y5148-91

Parameter :.

E-158

. .



Final Rpt,  Kuwait Oil Fire H&4 No. 39-2GL192-91,5  May - 3 Dee $1

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Lab Relevant Samples
Samnle# Value 1 Value 2 % RPD (Lab #s1

Y5178
Y5190
Y5607
Y5623
Y5629
Y5639
Y5651
Y5664
Y5677
Y5689
Y5696
Y5705
Y6463
Y6470

'-. _' Y6478
Y6486
Y8245
Y8255
Y8262
Y8539
Y8946
Y9113
Y9823
Y9835
20074
20075
ZOO87
20764
20771
20785
20792
21260
21675
22141
22737
23051
23059
23711
24168

0.204 0.207 1.60
0.074 0.075 0.67
0.084 0.086 2.48
0.066. 0.063 5.58
0.178 0.175 1.70
0.057 0.059 3.96
0.032 0.036 11.94
0.119 0.116 2.39
0.080 0.078 1.52
0.120 0.123 2.89
0.034 0.035 3.46
0.118 0.124 4.88
0.174 0.176 1.14
0.506 0.510 0.79
0.107 0.112 4.57
0.068 0.068 0.00
0.049 0.050 2.02
0.064 0.067 4.58
0.059 0.057 3.45
0.040 0.037 7.79
0.077 0.086 11.04
0.039 0.039 0.00
0.044 0.038 14.63
0.030 0.022 -30.77
0.061 0.065 6.35
0.113 0.113 0.00
0.136 0.131 3.75
0.034 0.039 13.70
0.035 0.036 2.82
0.136 0.129 5.28
0.080 0.076 5.13
0.069 0.070 1.44
0.056 0.059 5.22
0.045 0.049 8.51
0.104 0.108 3.77
0.067 0.066 1.50
0.063 0.066 4.65
0.029 0.028 3.51
0.033 0.030 9.52

Parameter: Cr (Continued)

Y5148-91
n
n
n

Y5607-706
n
n
"
n
11
"
"
"

Y6461-87
"
n
"

Y8241-64,Y8532-48,
Y8944-9114

"
n
n

Y9819-36
n

20074-89
"

21255-65, 21523-25
20764-94

"
II
"
n

21672-75
22133-42
22736-39
23051-59
23051-59
23709-13
24160-68

E-159



Final Rpt, Kuwait Oil Fire HRA No. 39-26-LEG-91,5 May - 3 Dw: 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Lab Relevant Samples
s31 v e

Parameter: Cr (Continued1

24354 0.025
24359 0.032
25467 0.045
25477 0.033
25899 co.020
25967 0.021
26542 co.020

0.027 7.69
0.033 3.08
0.048 6.45
0.032 3.08

co.020 0.00
co.020 4.88
<O.Q20 0.00

Parameter. Fe.

Y9823 6 . 0 6 6.04
Y9835 5.16 5.15
zoo74 14.50 13.50
zoo75 26.70 26.20
ZOO87 28.80 28.40
20765 8.84 8.69
20775 9.57 9.48
20785 21.50 21.00
20793 9.88 9.53
21258 4.88 4.83
Zl525 lOa80 10.40
21672 63.64 62.79
22138 13.49 13.49
22532 0.30 O-35
Z3052 5.41 5.21
23267 6.64 6.45
23 711 6.03 6.13
24167 12.50 12.70
24354 4.94 4.90
24362 1.89 1.93
25464 2.26 2.25
25471 3.64 3.72
25895 4.84 4.88
25964 2.15 2.15
26542 1.22 1.26

0.33 Y9819-36
0.19 II
7.14 20074-89
1.89 11
1.40 n
1.71 20764-94
0.94 II
2.35 (1
3.61 II
1.03 21255-65, 21523-25
3.77 n
1.34 21672-75
0.00 22133-42

15-38 22528-32
3.77 23051-59
2.90 23265-69
1.64 23709-13
1.59 24160-68
0.81 24351-66
2.09 n
0.44 25461-80
2.17 ll
0.82 25895-98, 25959-70
0.00 n
3.23 26542-51

24351-66
n

25461-80
II

25895-98, 25959-70
n

Z6542-51

.I

E-160



Final Rpt,  Kuwait Oil Fire, HRA No. 39-26-L192-91,5 May - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are IQ/L)

Lab Relevant Samples
Sanmle# Value 1 Value 2 % RPD 1La.b #s)

Y9824 1.62 1.62 0.00
Y9835 6.92 6.87 0.73
ZOO76 10.30 10.30 0.00
20080 9.37 9.51 1.48
20765 13.00 12.80 1.55
20770 9.87 10.10 2.30
20784 16.50 16.50 0.00
20787 8.34 8.41 0.84
21258 8.62 8.54 0.93
21525 11.90 11.90 0.00
Z1675 24.80 24.30 2.04
22142 7.20 6.90 4.26
22532 2.40 2.50 4.08
22737 28.70 30.60 6.41
23052 7.80 8.00 2.53
23266 7.80 7.80 0.00
23711 6.50 6.50 0.00
24168 6.80 6.80 0.00
24354 6.60 6.80 2.99
24362 2.90 2.90 0.00
Z5465 3.40 3.20 6.06
25479 4.70 4.70 0.00
25896 3.40 3.40 0.00
25966 5.90 5.90 0.00
26543 3.80 3.90 2.60

Y9824 60.6 60.3 0.50
Y9829 41.3 39.0 5.73
zoo77 49.8 48.9 1.82
ZOO78 64.3 58.5 9.45
ZOO83 65.7 67.5 2.70
20764 81.0 81.4 0.49
20775 62.2 61.9 0.48
20777 36.7 38.4 4.53
20786 32.1 32.0 0.31
21258 55.8 54.0 3.28

0
,’

E-161

Y9819-36
n

20074-89
n

20764-94
n
n
n

21255-65, 21523-25
n

21672-75
22133-42
22528-32
22736-39
23051-59
23265-69
23709-13
24160-68
24351-66

n
25461-80

n
25895-98, 25959-70

"
26542-51

Y9819-36
n

20074-89
"
11

20764-94
”
n
”

21255-65, 21523-25



Final Rpt,  Kuwait Oil Fire HRA No. 39-26-L192-91,5  May - 3 IW 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Cantinued

Instrument Duplicate Analysis: I@!t;8
(units are mg/L)

Lab Rdzvant Samples
Saxmle # Value 1 Value 2 % RPD CLab #a)

Parameter: Na (Continua

21523
21674
22137
22736
23052
23265
23710
24167
24354
24360
25466
25479
25898
25970
26545

Y1674 0.147 0.122 18.59 J!'l674-80. Y1973-82
Y1681 0.054 0.054 0.00 PYxBl-1711
Y1692 co.050 so.050 0.00 *
Y1702 0.051 co.050 1.98 W
Y1707 0.107 0.108 0.93 W
Y1861 0.090 0.083 8.09 W
Y1872 0.079 0.076 3.87 mm58-75
Y1974 0.209 0.226 7.82 W
Y2105 0.418 0.448 6.93 XXQ"B1p-80, Y1973-82
Y2111 0 -49.9 0.490 1.82 =BOl-28
Y2115 0.618 0.617 0.16 W
Y2124 0.551 0.536 2.76 1)
Y2618 0.104 0.106 1.90 E%k8-35, Y2762-91
Y2623 0.082 0.082 0.00 R
Y2633 0.082 0.084 2.41 n
Y2773 0.091 0.088 3.35 W

Y2780 0.064 0.065 1.55 R
Y2788 0.085 0.081 4.82 II
Y3102 0.179 0.182 1.66 II
Y3109 0.142 0.148 4.14 ~ILIcl-34

12.0
23.0
47.2
48.3
18.9
22.3
20.6
18.0
5.7
4.7
4.0

25
7.0

10.9

12.7 5.67 21255-65, 21523-25
23.9 3.84 ZJ.6,72-75
56.0 17.05 Z2l33-42
49.0 1.44 Z2?36-39
19.0 0.53 23a51-59
22.4 0.45 Z32.65 - 69
20.8 0.97 zwa9-13
17.8 1.12 Z4I60-68
6.0 5.13 Z&51-66
4.2 11.24 D
4.0 0.00 25461-80
5.2 7.41 b
5.4 3.64 iEas5-98:, 25959-70
7.4 5.56 I

10.8 0.92 Z&42-51

Parameter: Ni

IS162



Final Rpt,  Kuwait Oil Fire HRA No. 39-26L192-91,5 May - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

ReleMnt Samples
Samr,1 Val V Lab #s

Y3123
Y3134
Y3370
Y3737
Y3747
Y4368
Y4378
Y4388
Y4395
Y4407
Y4418
Y4425

e.
Y4462
Y4463

". Y4472
Y4764
Y4774
Y4787
Y5154
Y5164
Y5176

. Y5178
Y5190
Y5607
Y5623
Y5629
Y5639
Y5651
Y5664
Y5677
Y5689
Y5696
Y5705
Y6463
Y6470
Y6478
Y6486

Y8241

0"
Y8262

0.198 0.192 3.08 Y3101-34
0.064 0.066 3.08 n

0.157 0.155 1.28 "

0.087 0.090 3.39 Y3370-77, Y3735-52
0.089 0.090 1.12 Y4458-72

co.050 co.050 0.00 11
0.114 0.112 1.77 Y4360-84, Y4760-87
0.173 0.165 4.73 n
0.316 0.328 3.73 Y4385-434, Y4462
0.065 0.063 3.13 n
0.255 0.241 5.65 n
0.138 0.147 6.32 n
0.098 0.089 9.63 n
0.081 0.078 3.77 Y3370-77,Y3735-52,
0.100 0.099 1.01 Y4458-72
0.131 0.139 5.93 Y4360-84, Y4760-87
0.201 0.196 2.52 n
0.143 0.144 0.70 n
0.157 0.159 1.27 Y5148-91
0.139 0.148 6.40 n
0.307 0.309 0.04 n
0.259 0.267 2.93 n
0.141 0.152 7.70 "
0.124 0.114 7.73 Y5607-706.
0.120 0.109 9.86 n
0.243 0.244 0.45 n

eO.050 co.050 0.00 n
0.056 0.052 7.93 II
0.156 0.157 0.70 n
0.086 0.095 9.76 n
0.110 0.111 0.81 n
0.057 0.056 3.01 n
0.215 0.226 4.99 Y6461-87
0.295 0 -294 0.34 "
0.881 0.904 2.58 II
0.127 0.139 9.02 n
0.073 0.070 4.20 Y8241-64,Y8532-48,
0.328 0.330 0.61 Y8944-9114
0.443 0.422 4.86 n

E-163



Final Rpt, Kuwait 0i.I Fire HRA No. 39-26-L192-91,5  May - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Lab Relevant Samples
Samale # Value 1 Value 2 % RW (Lab #s)

Y8538 0 . 3 3 2 0 . 3 2 7 1 . 5 2
Y8548 0 . 2 3 7 0 . 2 4 0 1.26
Y8946 0 . 3 7 1 0.390 4.99
Y9114 0 . 3 5 3 0 . 3 5 6 0.85
Y9823 c o . 0 5 0 <o.oso 0.00
Y9823 <0.050 c o . 0 5 0 0.00
zoo74 0 . 0 6 1 0 . 0 6 8 10.85
zoo75 0.146 0.149 2.03
ZOO87 0 . 2 0 4 0.196 4.00.
20765 c o . 0 5 0 c o . 0 5 0 0.00
20771 c o . 0 5 0 c o . 0 5 0 0.00
Z 0 7 8 5 0.193 0.197 2.05
20792 0.108 0.098 9.71
21260 0 . 5 8 6 0.413 34.65
21525 0.416 0 . 4 0 6 2.53
21675 0.541 0 . 5 6 7 4.69
22141 0.594 0 . 6 3 6 6.83
22737 0 . 4 3 6 0 . 4 4 5 2.04
23051 0 . 4 0 2 0 . 4 0 3 0.25
23059 0 . 3 5 7 0 . 3 5 0 1.98
23711 0 . 3 4 3 0.359 4 . 5 6
24168 0 . 3 8 4 0 . 3 4 7 10.12
24351 0 . 0 6 3 0 . 0 6 3 0.00
24361 0.081 0 . 0 8 3 2 . 4 4
25467 0.279 0 . 2 6 7 4 . 4 0
25477 0.368 0.339 8 . 2 0
25959 0.227 0 . 2 3 6 3.89
25967 0.150 0.133 12.01
26542 0.062 0.063 1 . 6 0

Y1678
Y1681
Y1685
Y1698
Y1709
Yl860

Y8944-9114
"
"
"

Y9819-36
II

20074-89
"
"

20764-94
W
"
”

21255-65, 21523-25
II

21672-75
Z2133-42
22736-39
23051-59
23265-69
23709-13
24160-68
24351-66

II
25461-80

"
25895-98, 25959-70

”
2 6 5 4 2 - 5 1

Parameter: Pb

0.848 0.898 5 . 7 3 Y1674-80, Y1973-82
1.551 1.561 0.64 Y1681-711
2.318 2.248 3.07 "
1.630 1.548 5.16 n
2.738 2.871 4.74 "
0.988 0.990 0.20 Y1858-75

Parameter: Ni (Continued1
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Final Rpt, Kuwait Oil Fire HFW No. 39-26-L192-91,5 May - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are xc&L)

mle #
Re&evaxit Samples

Value 1 Value 2 % RPD (Lab #s)

gP ram :

-*

Y1875
Y1977
Y2102
Y2116
Y2124
Y2618
Y2632
Y2770
Y2781
Y2787
Y3103
Y3112
Y3120
Y3131

.\ --__s. Y3370
Y3737
Y3743
Y4368
Y4375
Y4379
Y4386
Y4402
Y4412
Y4422
Y4430
Y4463
Y4472
Y4773
Y4787
Y5154
Y5161
Y5171
Y5183
Y5190
Y5608
Y5619
Y5623
Y5634
Y5643

1.171 1.138
0.709 0.689
0.926 0.942
1.595 1.712
1.797 1.757
1.997 2.108
0.512 0.564
0.241 0.225
0.479 0.532
0.329 0.329
1.851 1.762
0.683 0.721
0.556 0.541
0.607 0.623
7.320 7.074
0.925 0.977
0.616 0.642
0.365 0.405
0.285 0.335
2.046 1.970
0..988 1.060
0.258 0.258
1.030 0.844
0.375 0.388
0.741 0.751
0.454 0.390
0.547 0.588
0.610 0.572
0.722 0.622
1.563 1.574
2.902 2.840
1.013 1.070
2.812 2.880
1.054 1.094
3.740 3.706
1.419 1.385
0.463 0.456
0.942 0.923
1.685 1.589

2.86
2.86
1.71
7.08
2.25
5.41
9.67
6.87

10.48
0.00
4.93
5.41
2.73
2.60
3.42
5.47
4.13

10.39
16.13
3.78
7.03
0.00

19.85
3.41
1.34
15.17
7.22
6.43

14.88
0.70
2.16
5.47
2.39
3.72
0.91
2.43
1.52
2.04
5.86

E-165

Y1850-75
Y1674-80; Y1973-82
Y2101-28

"
"

Y2618-35, Y2762-91
11
11
"
"

Y3101-34
"
"
n

Y3370-77, Y373S-52
Y4458-72

n

Y4360-84, Y4760-87
"
"

Y4385-434, Y4462
"
n
"
"

Y3370-77, Y3735-52
Y4458-72

Y4360-04, Y4760-87
"

Y5148-91
"
n
n
"

Y5607-706
"
n
n
"

-.-/



Final Rpt, Kuwait Oil Fire HRA No. 39-2GL192-91,s May - 3 DE 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Lab . Relevant Samples
pV V

Parameter:

Y5653 2.253 2.315 2.71
Y5667 1.284 1.206 6.27
Y5687 1.397 1.424 1.91
Y569S 3.761 3.705 1.50
Y5700 1.938 1.920 0.93
Y6463 0.738 0.783 5.92
Y6468 1.040 1.090 4.69
.Y6481 1.580 11590 0.63
Y6486 4.390 4.250 3.24
Y8241 1.650 1.670 1.20
Y82Sl 1.170 1.130 3.48
Y8261 3.140 2.980 5.23
Y8S38 0.399 0.445 10.90
Y8945 0.968 0.904 6.84
Y9106 1.040 1.070 2.84.
Y9823 0.789 0.754 4.54
Y9835 0.846 0.778 8.37
ZOO76 1.310 1.520 14.84
20088 2.890 2.860 1.04
20765 0.291 0.244 17.57
20775 1.950 2.020 3.53
20785 1.080 0.998 7.89
20793 2.640 2.580 2.30
21258 0.274 0.233 16.17
21525 0.421 0.397 5.87
21674 1.547 1.534 0.84
22135 0.944 0.951 0.74
22137 2.290 2.292 0.09
22736 1.560 1.500 3.92
23052 O-816 0.780 4.51
23267 2.550 2.520 1.18
23711 3.410 3.520 3.17
24167 2.890 2.790 3.52
24354 0.782 0,776 0.77
24362 0.531 0.557 4.78
25464 2.320 2.280 1.74
25471 2.810 2.. 970 5.54
25895 2.010 2.030 0.99
25964 2.130 2.200 3.23
26542 0.380 0.404 6.12

Y5607-706
II
n
n
n

Y6461-87
I
n
I

Y8241-64, Y8532-48
Y8944-9114

I
II
"
n

Y9819-36
n

20074-89
n

20764-94
11
n
II

21255-65, 21523-25
ll

21672-75
22133-42
22133-42
22736-39
23051-59
23265-69
23709-13
24160-68
24351-66

”
25461-80

n

25895-98, 25959-70
II

26542-51

.,o I

0

E-166



Final Rpt, Kuwait Oil Fire HRA No. 39-26L192-91,5 May - 3 lk 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Lab Relevant Samples
Sanmle # Value 1 Value 2 % RPD (Lab #s)

Y1676 <0.050 0.050 0.00
Y1681 0.056 0.053 5.48
Y1684 <0.050 co.050 0.00
Y1694 0.063 0.062 1.60
Y1704 0.219 0.224 2.44
Y1832 co.050 co.050 0.00
Y1859 0.099 0.098 1.32
Y1864 0.123 0.124 0.81
Y1868 0.452 0.471 4.25
Y1981 0.066 0.061 7.87
Y2104 0.091 0.096 5.3s
Y2111 0.218 0.219 0.46
Y2125 0.072 0.073 1.38
Y2618 0.047 0.043 8.89
Y2630 0.055 0.049 11.54
Y2767 0.078 0.077 1.29
Y2778 0.069 0.055 22.58
Y2782 0.096 0.089 7.57
Y3103 0.180 0.176 2.2s
Y3112 0.141 0.140 0.71
Y3123 0.087 0.079 9.64
Y3133 0.136 0.136 0.00
Y3370 0.084 0.091 8.00
Y3735 0.067 0.066 1.50
Y3746 0.059 0.058 1.71
Y4367 0.079 0.082 3.73
Y4378 0.077 0.067 13.89
Y43?2 0.066 0.058 12.90
Y4402 0.061 0.058 5.04
Y4411 0.064 0.064 0.00
Y4423 0.057 0.054 5.41
Y4433 0.053 0.051 3.85
Y4461 0.083 0.082 1.21
Y4471 0.080 0.084 4.88
Y476S 0.055 0.058 5.31
Y4776 0.068 0.072 5.71
Y4787 0.094 0.096 2.11
Y5157 0.053 o.oso 5.83
YS167 0.075 0.069 8.33

Parameter: V

Y1674-80, Y1973-82
Y1681-711

"
"
n

Y1858-75
n
11
11

Y1674-80, Y1973-82
Y2101-28

n
n

Y2618-35, Y2762-91
"
n
n
n

Y3101-34
II
n
II

Y3370-77, Y3735-52
Y4458-72

n
Y4360-84, Y4760-87

n
Y4385-434, Y4462

n
n
n
n

Y3370-77,Y3735-52,
Y4458-72

Y4360-84, Y4760-87
n
"

Y5148-91
n

E-167



Final Rpt, Kuwait OiI Fire HRA No. 39-26L192-91,5  May - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Lab
e.eD1

Relevant Samples
(Lab #s)

Parameter: V (Continued]

Y5178
Y5190
Y5614
YS619
YS632
YS639
YS65S
Y5662
Y5676
Y5688
Y6463
Y6474
Y6487
Y8245
Y8255
Y8262
Y8539
Y8946
Y9113
Y9821
Y9832
ZOO-75
ZOO89
20764
20774
20784
20794
21260
21525
21675
22141
22737
23051
23059
23711
24168
24354
24361
24365

0.146 0.145 0.69
0.219 0.210 4.20
0.065 0.063 3.61
0.183 0.180 1.60
0.199 0.194 2.59

<o.oso <o.oso 0.00
0.053 0.054 0.75
0.169 0.167 1.43
0.092 0.088 4.46

co.050 c0.050 0.00
0.127 0.139 9.02
0.061 0.061 0.00
0.063 0.058 8.26
0.084 0.094 11.24

<O.OfO co.050 0.00
0.029 0.032 9.84
0.052 0.056 7.41
0.092 0.096 4.26

<o-o50 <0.050 0.00
0.071 0.070 1.42
0.089 0.085 4.60
0.090 0.092 2.20
0.136 0.139 2.18
0.092 0.092 0.00
0.062 0.065 4.72
0.056 0.055 1.80
0.069 0.067 2.94
0.088 0.075 15.78
0.056 0.058 2.28
0.058 0.056 3.51
0.076 0.077 1.31
0.094 0.091 3.24
0.051 0.055 7.55
0.084 0.086 2.35
0.054 <o.oso 7.69

<o-o50 <0.050 0.00
co.050 co.050 0.00
0.225 0.226 0.44

co.050 <0.050 0.00

Y5148-91
n

Y5607-706
n
n
n
II
"
Ii
11

Y6461-87
"
n

Y8241-64,Y8532-48,
Y8944-9114

n
"
n
11

Y9819-36
n

20074-89
II

20764-94
"
"
II

21255-65, 21523-25
II

21672-75
22133-42
22736-39
23051-59
z3051-59
23709-13
24160-68
24351-66

n
"

E-168
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TABLE E-28.

TABLE E-28.

METALS ON HIGH VOLUTB AIR FILTERS (Continued)METALS ON HIGH VOLUTB AIR FILTERS (Continued)

Instrument Duplicate Analysis DataInstrument Duplicate Analysis Data
(units are I&L)(units are I&L)

Lab -Lab - Relevant SamplesRelevant Samples
Samgle#Samgle# Value 1 Value 2Value 1 Value 2 % RPD% RPD (Lab #s)(Lab #s)

a)P rP r inuedlinuedl

25467 co.oso <0*050 0.00 25461-8025461-80
25477 <o.oso co.050 0.00 ""

25959 co.050 <0.050 0.00 25895-98, 25959-7025895-98, 25959-70
25967 <O.OfO co.oso 0.00 nn

26550 co.oso <0.050 0.00 26542-5126542-51

Y1674 0.337 0.330 2.10
Y1681 2.440 2.520 3.23
Y1683 0.620 0..612 . 1.30
Y1694 0.536 0.499 7.21
Y1703 O.S57 0.559 0.36
Y1858 1.377 1.397 1.44
Y1861 0.349 0.359 2.82
Y1864 0.830 0.826 0.48
Y1871 0.556 0.583 4.74
Y1974 0.311 0.314 0.96
Y210f 0.453 0.477 5.16
Y2112 0.383 0.384 0.26
Y211S 1.004 0.988 1.61
Y2127 0.973 0.987 1.43
Y2618 0.371 0.373 0.54
Y2619 0.383 0.385 0.52
Y2627 0.562 0.561 0.18
Y2635 0.285 0.275 3.57
Y2769 0.166 0.165 0.60
Y2783 0.383 0.388 1.30
Y2787 0.316 0.316 0.00
Y3102 0.411 0.410 0.24
Y3112 0.276 0.280 1.44
Y3124 0.362 0.358 1.11
Y3133 0.237 0.236 0.42
Y3370 0.370 0.369 0.27
Y3736 0.342 0.339 0.88
Y3747 0.210 0.209 0.48
Y4368 0.197 0.196 0.51
Y4378 0.464 0.473 1.92

Parameter: Zn

Y1674-80, Y1973-82
Y1681-711

n
n
n

Y1858-75
n
n
n

Y1674-80, Y1973-82
Y2101-28

n
"
n

Y2618-35, Y2762-91
"
"
n
"
"
n

Y3101-34
n
"
n

Y3370-77, Y373S-52
Y4458-72

n
Y4360-84, Y4760-87

"

Y1674-80, Y1973-82
Y1681-711

n
n
n

Y1858-75
n
n
n

Y1674-80, Y1973-82
Y2101-28

n
"
n

Y2618-35, Y2762-91
"
"
n
"
"
n

Y3101-34
n
"
n

Y3370-77, Y373S-52
Y4458-72

n
Y4360-84, Y4760-87

"
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Final Rpt,  Kuwait Oil Fire H&4 No. 39-2GL192-91,5  May - 3 Dee 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

L a b Relevant Samples
S[1 S

.Parameter: Za (Contxnued)

Y4390 0.466 0.472 1.28
Y4398 0.650 0.656 0.92
Y4409 0.218 0.219 0.46
Y4418 0.280 0.276 1.44
Y4426 0.201 0.205 1.97
Y4433 0.298 0.300 0.67
Y4461 0.226 0.223 1.34
Y4470 0.212 0.212 0.00
Y4764 0.671 0.686 2.21
Y4774 0.216 0.212 1.87
Y4787 0.367 0.377 2.69
Y5154 0.663 0.675 1.81
Y5164 0.530 0.544 2.57
Y5176 0.381 0.389 2.13
Y5178 0.399 0.414 3.72
Y5190 0.382 0.378 1.00
Y5607 0.493 0.519 5.16
Y5623 0.330 0.330 0.09
YS629 0.489 0.482 1.40
YS639 0.190 0.191 0.47
Y5651 0.183 0.186 2.06
Yf664 0.953 0.982 3.00
Y5677 0.569 0.566 0.42
Y5689 0.379 0.386 1.80
YS696 0.376 0.381 1.32
Y5705 0.353 0.361 2.38
Y6463 0.271 0.274 1.10
Y6470 0.739 0.729 1.36
Y6478 0.313 0.324 3.45
Y6486 0.371 0.379 2.13
Y8245 0.046 0.050 8.33
Y8255 0.065 0.064 1.55
Y8262 0.054 0.056 3.64
Y8S39 0.036 0.039 8.00
Y8946 0.081 0.085 4.82
Y9113 0.034 0.036 5.71
Y9823‘ 0.221 0.215 2.75
Y9835 0.227 0.226 0.44
zoo74 0.056 0.052 7.41

Y4385-434, Y4462
"
"
II
II
"

Y3370-77, Y3735-52
Y4458-72

Y4360-84, Y4760-87
"
II

Y5148-91
n
"
II
"

YS607-706
n
n
"
11
I

n

”

II

II

Y6461-87
"
"
”

Y8241-64, Y8532-48
Y8944-9114

II
n
n
"

Y9819-36
n

20074-89

E-170



Final Rpt, Kuwait Oil Fire HRA No. 39-2&L192-91,5  May - 3 lkc 91

TABLE E-28. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Instrument Duplicate Analysis Data
(units are mg/L)

Relevant Samples
Sanmle# Value 1 Value 2 $ RPD (Lab #s)

Parameter: Zn (Continued)

zoo75
ZOO87
20765
20771
20785
20792
21260
21525
21675
22141
22737
23051
23059
23711
24168
24354
24362
25467
25477
25959
25967
26542

0.114 0.111
0.137 0.129
0.362 0.353
0.366 0.357
0.501 0.519
0.347 0.333
0.300 0.279
0.231 0.229
0.194 0.197
0.317 0.311
0.254 0.252
0.330 0.326
0.282 0.283
0.264 0.263
0.254 0.256
0.153 0.144
0.152 0.152
0.186 0.185
0.258 0.258
0.267 0.270
0.292 0.286
Oi208 0.213

2.67
6.02
2.52
2.49
3.53
4.12
7.32
0.91
1.53
1.91
0.79
1.22
0.35
0.38
0.78
6.06
0.00
0.54
0.00
1.12
2.08
2.38

20074-89
”

20764-94
n
n
”

21255-65, 21523-25
n

21672-75
22133-42
22736-39
23051-59
z3051-59
23709-13
24160-68
24351-66

"
25461-80

n
25895-98, 25959-70

n

26542-51
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TABLE E-29. METALS ON HIGH VOLUME AIR FILTERS

Post-Digested Instrument Spike Data
(units are xrg/L)

Unspiked Spiked Relevant Samples
ssV L

Parameter: U

Y9824 1.3 3.1 91.3
Y9835 5.3 7.4 105.2
zoo77 6.3 11.2 99.9
ZOO85 18.2 22.6 90.3
20765 8.3 10.4 107.0
'20774 7.9 10.0 106.0
20781 9.5 11.6 107.2
20794 9.8 11.9 108.2
21257 10.6 15.6 101.6
21525 10.6 15.6 101.6
21673 33.3 41.7 87.9
22142 5.3 7.2 94.2
Z2529 6.4 8.1 89.3
23051 12.9 18.1 105.8
23265 11.4 16.1 95.6
23710 9.7 14.3 93.8
24164 13.8 18.5 95.9
24352 6.4 8.9 102.1
Z4359 4.1 5.8 96.3
25462 1.6 2.0 96.1
25465 2.6 4.5 96.5
25479 3.2 5.1 97.0
z5959 3.5 5.3 88.5
25969 3.1 5.0 97.5
26543 1.9 2.8 89.8

Mean
SD
cv

97.8 %
6.4 %
0.066

Parameter: Aa

Y9821 0.0058 0.0159 102.6
Y9832 0.0062 0.0153 92.5
ZOO81 0.0030 0.0139 110.4
ZOO86 0.0053 0.0157 105.6
20764 0.0044 0.0147 104.5

E-172

Y9819-36
”

20074-89
n

20764-94
n
n
n

23255-65, ‘2X23-25
n

21672-75
22133-42
22528-32
z3051-59
23265-69
23709-13
24160-68
24351-66

n
"

25461-80 .
*

25895-98, Zf959-70
I?

26542-51

Y9819-36
"

20074-89
"

20764-94



Final Rpt,  Kuwait Oil Fire HRA No. 39-26L192-91, 5 May - 3 D& 91

TABLE E-29. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Post-Digested Instrument Spike Data
(units are mg/L)

Lab Unspiked Spiked Relevant Samples
Sammle# Value Value % Recovers (Lab #s)

Parameter: Aa (Continued)

20776 0.0051 0.0142 92.4
20791 0.0057 0.0152 96-5
21256 0.0087 0.0179 93.8
21265 0.0059 0.0159 101.6
21673 O-0155 0.0248 95.5
22134 0.0061 0.0152 92.5
22141 0.0056 0.0149 94.5
22531 0*0082 0.0175 94.9
23051 0.0091 0.0180 90.8
23056 0.0157 0.0256 10.1. 6
z-3391 0.0059 0.0158 100.6
24164 0.0053 0.0146 94.5
24355 c0.0010 0.0105 106.1
24365 0.0027 0.0123 97.2
25464 O-0046 0.0128 83.3 *
25474 0.0039 0.1350 97.4
25959 0.0028 0.0127 100.3
25969 0.0042 0.0204 94.8
26547 0.0068 0.0169 102.7

Y9821 0.011 0.020 92.0
Y9832 0.008 0.017 91.7
zoo77 0.006 0.015 91.5
ZOO88 0.040 0.526 97.7
20764 0.012 0.021 92.1
20774 0.008 0.018 101-8
20784 O-012 0.022 102.2

Mean
SD
a7

97.8 %
6.0 %
0.061

Parameter: Be

20764-94
II

21255-65, 21523-25
n

21672-75
22133-42
22133-42
22528-32
23051-59
z3051-59
23389-92
24160-68
24351-66

n
25461-80

"

25895-98, 25959-70
n

26542-51

Y9819-36
n

20074-89
n

20764-94
n
II

* Value greater than two standard deviations from mean
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TABLE E-29. METALS ON HIGH VOLUME AIR FILTERS (Continued)

Post-Digested Instrument Spike Data
(units are mg/L)

Lab Unspiked Spiked
Saxrmle#

Relevant Samples
Value Value % Rocoverx (Lab #a)

P a r a m e t e r _ :

20794 0.010 0.019 91.9 20764-94
21257 co.001 0.007 70.7 * 21255-65, 21523-25
Z1525 co.oo1 0.010 101.0 "
21672 0.046 0.066 108.1 21672-75
22142 <O.OOl 0.009 90.9 22133-42
22529 <O.OOl 0.010 101.0 22528-32
23051 co.oo1 0.009 90.9 23051-59
23265 <O.OOl 0.010 101.0 23265-69
23710 0.001 0.012 111.2 23709-13
24164 0.001 0.011 101.1 Z4160-68
24354 0.002 0.012 101.2 24351-66
24365 0.003 0.013 101.3 n
25465 0.001 0.010 91.0 25461-80
25479 0.002 0.011 91.1 II
25959 co.001 0.009 90.9 25895-98, 25959-70
25969 0.001 0.012 111.2 n
26550 0.001 0.011 101.1 26542-51

Mean
SD
cv

96.9 %
8.6 %
0.089

Parameter. CaI

Y9824 5.7 6.6 92.6
Y9835 35.3 39.8 94.0
20080 81.8 86.8 108.7
20765 58.6 76.1 88.3
20770 54.2 75.9 109.3
20784 68.5 87.4 95.4
20787 66.7 88.6 110.4
21258 44.9 64.1 96.6
21525 49.6 69.2 98.7
21675 96.6 104.0 84.4 *

Y9819-36
n

20074-89
20764-94

n
n
"

21255-65, 2X23-25
n.

21672-75

* Value greater than two standard deviations from mean
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